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FOREWORD 
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manual  provides  the  Military  and  Government  suppliers  with  design  information 
to  fabricate  functional  and  reliable  air  supported  structures  at  the  lowest 
possible  weight.  The  data  and  design  information  presented  is  based  on  wind 
tunnel  tests  and  analytical  determinations  reported  in  a  separate  text.  "Wind 
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Critical  Reynold's  Number  -  The  Reynold's  Number  at  which  the  boundary 
layer  upstream  of  a  point  of  separation  changes  from  laminar  to  turbulent, 
flow.  The  critical  Reynold's  Number  for  both  spheres  and  cylinder  is  approxi- 
nately  500,  000. 

Dynamic  Pressure  -  Also  referred  to  as  impact  pressure  or  velocity  pres¬ 
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Solid  Blocking  -  The  increase  in  air  velocity  due  to  the  presence  of  a  model 
in  a  wind  tunnel  test  section  caused  by  the  reduction  in  the  area  through  which 
the  air  is  allowed  to  flow. 

Planform  Area  -  Maximum  projected  area  in  horizontal  plane. 

In.  w.  g.  -  Gage  pressure  expressed  in  inches  of  water. 


i 


I 

xiii  f 

I ' 
i' 


ABSTRACT 


The  objective  of  this  design  nanual  is  to  provide  industry  and 
Government  suppliers  with  design  information  to  fabricate  functional 
and  reliable  air-supported  structures  at  the  lowest  possible  weight. 

The  data  and  design  information  presented  are  based  on  wind  tunnel  tests 
and  analytical  determinations  reported  in  another  publication. 

Design  information  is  given  for  spherical  cylindrical  air-supported 
tents.  The  data  in  general  are  presented  in  nondimensional  coefficient 
form  and,  therefore,  are  applicable  to  full  scale  structures  within 
the  range  of  parameters  tested.  Design  information  is  presented  as 
charts  and  tables  on  tent  aerodynamic  force  and  moment  coefficient. 
Anchor  and  guideline  coefficients,  structural  deflections,  material 
stresses,  packaged  volume,  and  weight. 
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SECTION  I 

INTRODUCTION 


In  March  1956,  a  revised  edition  of  the  Design  Manual  for  Spherical 
Air  Supported  Radomes  was  published  by  Cornell  Aeronautical  Laboratory. 
Since  its  publication,  air.supported  structures  of  other  than  spherical  shapes 
have  been  adopted  by  the  Army.  Design  and  fabrication  of  these  tents  have 
generally  been  limited  to  the  semi-empirical  methods  outlined  in  the  revised 
Design  Manual  for  Spherical  Air-Supported  Tents  and  data  estimated  to  cover 
other  basic  configurations. 

In  order  to  assist  the  tentage  engineer  to  more  accurately  define  the 
criteria  for  design  of  air  supported  structures,  the  U.  S.  Army  Natick  Labora¬ 
tories  contracted  with  Hayes  International  Corporation  to  formulate  practical 
design  criteria  for  single  and  double-wall  air  supported  structures.  The  pro¬ 
gram  included  a  comprehensive  analytical  study  and  model  wind  tunnel  tests 
resulting  in  a  Design  Manual  for  ground  mounted  air  supported  tents.  A  more 
rigorous  solution  to  the  analytical  determination  of  fabric  stresses  is  included 
in  this  investigation  which,  combined  with  the  latest  materials  and  accessory 
equipment  information  furnished  by  the  Army,  has  produced  more  precise 
tentage  design  criteria  than  has  heretofore  been  available  to  the  Army  de¬ 
signer. 

This  document  presents  the  results  of  the  tests  and  analyses  in  a  con¬ 
cise  form  of  design  tables  and  curves  for  both  single  and  double-wail  tents 
and  sample  problems  illustrating  the  use  of  the  data. 
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SECTION  2 

GENERAL  DISCUSSION 

2.1  BACKGROUND 

The  art  of  tent  making  is  thousands  of  years  old.  For  centuries,  through 
trial  and  error,  man  has  constructed  effective  shelters  for  habitation  and 
housing  of  equipment.  The  evolution  of  this  art  has  covered  myriad  configura¬ 
tions, but  only  recently  has  a  way  been  found  to  eliminate  the  cumbersome 
weight  of  the  supports  through  the  use  of  inflation  techniques.  The  forerunner 
of  air  supported  tents  dates  back  to  early  World  War  II  days  when  an  external 
enclosure  over  a  radar  antenna  was  found  desirable.  This  use  was  motivated 
by  the  necessity  for  protection  of  the  radar  installation  from  high  winds.  These 
early  installations  were  small  in  size  and  the  material  used  ranged  from  single 
sheets  of  molded  plexiglas  or  plywood  to  multiple  layers  of  sandwich-type 
construction.  The  first  reported  use  of  a  resin-impregnated  glass  fabric  as 
a  radome  material  stemmed  from  an  attempt  to  reduce  the  moisture  absorp¬ 
tion  properties  of  plywood  on  the  earlier  models  through  the  application  of  a 
thin  protective  overlay  on  the  external  surface  of  the  radome. 

Larger  radomes  were  dictated  for  use  on  later  World  War  II  radar  in¬ 
stallations.  The  advent  of  radomes  ranging  in  diameter  from  35  to  55  feet 
arose  from  the  necessity  to  extend  the  United  States  Air  Defense  after  World 
War  II  to  include  radar  detection  systems  located  in  arctic  zones  of  operation. 
Operational  radars  of  that  time  were  designed  to  withstand  only  the  wind 
loads  and  weather  conditions  encountered  in  temperate  zones.  Wind  conditions 
in  the  arctic  were  known  to  impose  greater  loads  upon  an  antenna  system 
and  upon  its  pedestal  than  those  for  which  the  structure  was  designed.  There¬ 
fore,  it  was  decided  to  utilize  radomes  for  environmental  protection.  Up 
until  this  time  the  large  radomes  had  been  used  as  an  expedient  alternative 
to  modification  and  strengthening  of  existing  radar  antenna  structures.  With 
the  advent  of  arctic  usage,  the  intrinsic  merits  of  the  light  weight  radome 
soon  became  obvious;  i.  e.  environmental  protection,  reduction  in  power  re¬ 
quired  to  rotate  large  antenna  systems  in  high  winds  and  reduction  in  size  and 
weight  of  structural  members  at  the  cost  of  a  small  degradation  in  system 
performance  due  to  the  presence  of  the  radome. 


Modern  scientific  and  technological  developments  made  in  military  equip¬ 
ment  and  in  support  of  a  mobile  army  have  resulted  in  the  need  for  new  type 
tentage.  The  need  for  new  tentage  varies  from  highly  specialized  items  for 
the  missile  program  to  large  maintenance  tents  for  ground  vehicles  and  air¬ 
craft.  Figures  1  through  6  present  photographs  of  some  existing  single 

and  double-wall  air-supported  structures  and  Table  1  provides  general  tentage 
information. 
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The  use  of  air-supported  tents,  other  than  radomes,  represents  one 
approach  taken  by  the  Army  to  provide  shelters  of  reduced  weight,  cost  and 
cubage  which  can  be  easily  transported,  erected  and  struck  for  more  mobile 
army  operations.  With  the  development  of  these  air  supported  shelters  the 
technology  of  tent  making  is  developing  step  by  step  from  a  traditional  craft 
to  a  branch  of  scientific  engineering. 

Cornell  Aeronautical  Laboratories  and  Massachusetts  Institute  of  Tech¬ 
nology  have  performed  several  scale  tests  on  radome  and  missile  shelter 
models.  Cornell  has  produced  a  Radome  Design  Manual  for  spherical  radomes 
based  on  these  tests.  Design  and  fabrication  of  other  than  spherical  tents  has 
been  accomplished  largely  by  extrapolation  of  the  design  data  contained  in  the 
Radome  Design  Manual  and  the  individual  designer's  personal  "feel"  for  the 
problem.  A  wind  tunnel  program  was  initiated  to  investigate  a  wide  variety  of 
tents  both  spherical  and  cylindrical  single  and  double-wall.  The  data  obtained 
from  these  tests  have  been  reduced  and  put  in  parametric  form  to  facilitate 
future  tent  design. 

2.  2  GENERAL  CHARACTERISTICS 

Air-supported  tents  present  the  modern  mobile  army  with  many  advan¬ 
tages  over  rigid  structures.  Some  of  the  more  important  advantages  are 
listed  below: 

RF  Transmissibility  -  The  air- supported  tent,  as  used  to  house  radar  antenna, 
due  to  its  thin  walled  construction,  very  nearly  approaches  the  ideal  shelter, 
i.  e.  a  thin  walled  homogeneous  sphere.  For  this  reason  the  same  radome 
can  be  used  for  several  radar  systems  of  different  frequencies. 

Lightweight,  Low  Bulk  and  Cubage  -  The  inherent  characteristics  of  an  air 
supported  structure  provides  a  high  structural  efficiency,  which  results  in 
very  low  package  weight.  Use  of  thin  flexible  material  for  the  envelope  per¬ 
mits  the  entire  unit  to  be  folded  into  a  small  package  which  facilitates  ship¬ 
ment  and  storage. 

Ease  of  Handling  and  Logistic  Support  -  Due  to  its  low  weight  and  compact¬ 
ness,  the  air-supported  structure  is  one  of  the  most  portable  of  all  presently 
available  shelters.  The  durability  of  the  material  used  for  the  envelope 
minimizes  logistic  requirements  and  maintenance.  Standardization  of  the 
basic  tent  sizes  reduces  the  inventory  requirement  and  makes  the  air-sup¬ 
ported  structure  adaptable  to  nearly  all  shelter  requirements. 


SECTION  3 
DESIGN  PARAMETERS 


3.1  GENERAL 


This  part  of  the  design  manual  contains  the  mathematical  equations 
and  graphs  necessary  to  compute  tent  design  parameters.  The  design  parameters 
Included  are  as  follows: 

Aerodynamic  forces;  Lift,  Drag  and  Moment 

Tent  Deflection 

Fabric  Weight  and  Stress 

Anchor  Loads 

Blower  characteristics;  Pressure  and  Volume 
Estimated  Weight  and  package  cube  of  the  tents. 

The  graphical  presentation  of  the  design  parameters  shown  in  this  manual  is 
based  on  wind  tunnel  tests,  the  details  of  which  are  fully  described  in  Part  I  of 
this  manual. 

3.2  AERODYNAMIC  FORCES 


Fabric  shelters  subjected  to  winds  of  high  velocity  can  experience 
aerodynamic  forces  of  considerable  magnitude.  These  forces  can  be  altered 
and  minimized  by  proper  shape  design.  Twenty-six  single  and  double- wall  tents 
were  tested  to  105  miles  per  hour  and  the  resulting  data  prepared  which  facili¬ 
tates  the  task  of  optimizing  tent  shape.  It  should  be  noted  that  the  single 
wall  cylindrical  shapes  tested  differed  from  the  double-wall  shapes  in  that  the 
ends  were  spherical  for  single- wall  and  flat  for  double-wall.  The  aerodynamic 
force  data  is  presented  in  non-dimensional  coefficient  form  by  dividing  the 
force  data  by  a  reference  area,  Ap,  and  the  dynamic  pressure,  q.  The  tent 
planform  area,  Ap,  was  selected  as  the  reference  area  and  is  defined  as  the 
maximum  area  in  a  horizontal  plane.  Planform  areas  are  given  by  the  following 
expressions  for  different  tent  types: 

w  2 

Sphere  =  n  (j  ) 

Cylinder  with  spherical  ends 

Ap  =  «  (|)2  +  W  (ih-  W) 

Ap  =  w/h 
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where  A  =  Planform  area  in  ft.2 
P 

W  =  Width  of  tent  in  ft. 

=  Length  of  tent  in  ft. 

The  planform  areas  for  tents  with  radii  up  to  80  feet  are  shown  in  Table  II. 

The  dynamic  pressure  due  to  wind  velocity  is  defined  by  the  following 
mathematical  expression: 

q  =  1/2  pU2 

where  q  =  Dynamic  pressure  in  lbs.  /ft.2 

p  =  Density  of  air  in  slugs  /ft. *  or 

p  =  0.00238  for  a  standard  day  at  sea  level 

U  =  wind  velocity,  ft/sec  Q 

The  variation  of  dynamic  pressure  with  wind  speed  at  sea  level  and  59  F.  is 
shown  in  Figure  9.  The  variation  of  dynamic  pressure  with  pressure  .altitude  and 
temperature  is  shown  in  Figure  10. 

3.2.1  Lift 

The  lift  coefficient  is  defined  as  follows: 

CL  ~~aT 

P 

where  C  =  Lift  coefficient,  non  dimensional 

Li 

L  =  Total  lift  in  pounds 

2 

q  =  Dynamic  pressure  in  pounds/ft. 

A  =  Planform  area  in  ft.2 
P 

The  variation  in  lift  coefficient  with  tent  height  to  diameter  ratio 

and  width  to  length  ratio  are  shown  in  Figure  11  for  single  wall  tents  and 

Figure  12  for  double  wall  tents. 

3.  2.  2  Drag 

The  drag  coefficient  is  defined  as  follows: 
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CD=  qAp 

where  -  Drag  coefficient,  non  dimensional 

D  =  Total  Drag  in  pounds 

2 

q  =  Dynamic  pressure  in  pounds/ft. 

2 

A  =  Planform  area  in  ft. 

P 

The  variation  in  drag  coefficient  with  tent  height  to  diameter  ratio  and  width  to 
length  ratio  are  shown  in  Figure  13  for  single  wall  tents  and  Figure  14  for 
double  wall  tents. 


3.  2.  3  Moments 


The  moment  coefficient  is  defined  as  follows: 

C 

M  qAf 

p  m 

where  C.  -  Moment  coefficient  -  non  dimensional 

M 

M  =  Moment  in  foot  pounds 

q  =  Dynamic  pressure  in  pounds  per  square  foot 

A  =  Planform  area  in  square  feet 

P 

t  -  Reference  length  feet. 

m 

The  variation  in  pitching  moment  with  tent  height  to  diameter  ratio  and 
width  to  length  ratio  are  shown  in  Fig.  15  for  single  wall  tents  and  in  Fig.  16 
for  double  wall  tents. 

In  order  to  calculate  the  total  lift,  drag  and  moments  acting  on  the  tent 
it  is  necessary  to  rearrange  the  equations  which  define  the  coefficients  as 
follows: 


Lift  L  =  C  qA 

L  p 

Drag  D  =  C  qA 

D  p 

Moment  M=  C,  qA  t 

M  p  m 

The  coefficients  C  ,  C  and  C  are  obtained  from  the  appropriate 

L  D  M 
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curves.  The  dynamic  pressure,  q,  is  obtained  from  Figure  9.  The  reference 
area  Ap  is  obtained  from  Table  V  or  by  calculation  using  the  dimensions  of 
the  tent.  The  reader  is  referred  to  Section  4  sample  problems  for  examples 
in  which  graphs  9,  11 ,13  and  15  are  used. 

3.3  TENT  DEFLECTION  AND  STABILITY 

3.3,1  Tent  Deflection 

The  maximum  tent  deflection  resulting  from  105  miles  per  hour  wind 
are  shown  in  Figures  17  through  20  with  inflation  pressure  equal  to  q  or  6" 
w.g.  The  data  are  plotted  as  a  ratio  of  tent  deflection  to  tent  radius,  6  /  r 
versus  the  ratio  of  tent  height  to  tent  diameter  h/d.  The  maximum  tent 
deflection  imposes  limitations  on  the  usable  tent  radius.  If  the  tent  size  is 
known  the  maximum  tent  deflection  data  can  be  used  to  establish  the  maximum 
usable  tent  radius,  in  accordance  with  the  following: 

r(l  -  -J-)  *  r> 

where  r  =  radius  of  tent  known 
6 

—  =  Defle  ction  ratio 
r 

r'  =  usable  Lent  radius 

If  the  tent  size  is  not  given,  and  a  radius  is  established  for  a  minimum 
usable  volume,  then  allowances  must  be  made  to  include  the  maximum  tent 
deflection.  This  may  be  accomplished  as  follows 


(1-6  /r) 

where  r'=  minimum  radius  established 

—  =  deflection  ratio 
r 

r  =  Radius  of  tent. 


3.3.2  Tent  Stability 

Tent  instability,  defined  as  the  conditions  of  tent  deflection  and  oscilla¬ 
tion  that  combine  to  produce  objectional  tent  motion,  has  been  studied  with 
respect  to  fabric  porosity,  enclosure  pressure,  cell  size,  cell  pressure  and 
guy  line  locations.  This  evaluation  is  subjective  and  the  evaluation  of  tent 
stability  becomes  a  matter  of  individual  determination.  However  the  following 
general  conclusion  may  be  made  for  single-and  double-wall  tents: 
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Single  wall  tents 


The  single-wall  tent  configurations,  with  the  exception  of  the  7/8  sphere 
and  all  tents  with  a  width  to  length  ratio  of  1:  4  were  found  to  be  stable. 

Single-wall  tents  with  low  porosity  fabric  exhibited  lower  deflections, 
in  general,  than  tents  made  from  coated  fabric  and  possessed  equal  cr  better 
stability  characteristics. 

The  enclosure  pressure  for  single-wall  tenta  is  an  important  factor  in 
controlling  tent  motion.  Although  permissible  tent  deflections,  as  required 
by  ant  usage,  could  establish  pressure  requirements,  tests  indicate  that 
only  with  enclosure  pressures  equal  to  or  greater  than  the  test  dynamic 
pressure,  q,  did  both  good  stability  and  deflection  characteristics  exist. 

Double  Wall  Tents 

The  ratio  of  tent  deflection  to  tent  radius  versus  cell  pressure  in  inches 
water  gage  for  double  w'all  tents  is  shown  in  Figure  21  .  With  double  wall 
tents,  the  ceA  pressure  is  an  important  factor  in  controlling  t~nt  motion. 
Although,  permissible  tent  deflections,  as  ’■equired  by  tent  usage,  could 
establish  pressure  requirements,  ..ests  indicate  that  only  for  cell  pressures 
equal  to  or  greater  than  the  test  dynamic  pressure  did  both  good  stability 
and  deflection  characteristics  exists  The  stability  of  double  wall  tents  im¬ 
proved  as  the  cell  inflation  pressure  was  increased  from  6  to  16  inches  w.g. 
No  significant  gains  in  stability  were  achieved  beyond  an  inflation  pressure 
of  16  inches  water  gage. 

Tent  cell  size  was  also  observed  to  be  a  factor  in  tent  stability  since 
an  increase  in  cell  size  increased  the  rigidity  of  the  tube  for  the  same  cell 
pressure. 

To  minimize  double  wall  tent  corner  deflections,  guy  lines  should  be 
attached  to  each  corner  of  the  tent  at  a  point  0.  8  tent  height  and  make  an 
angle  of  approximately  45  degrees  with  the  ground  and  tent  side.  The  best 
guy  line  configuration  consists  of  a  combination  high  (0.  8  tent  height)  and  low 
(0.4  tent  height)  line  arrangement,  with  the  upper  guy  lines  angles  45  degrees 
to  the  tern  side  and  the  lower  guy  lines  perpendicular  to  the  tent  side  when 
viewed  from  the  top  of  the  tent. 


8 


3.  4  ANCHOR  LOADS 


The  anchor  load  coefficient  due  to  aerodynamic  forces  is  deferred  as 
follows: 

r 

AL  qA 

P 

where:  C  =  Anchor  load  coefficient 

AL 

AL  =  Anchor  Load,  lbs. 

;  i 

q  =  Dynamic  pressure,lb&/ft . 

i 

A  -  Reference  area, ft. 

P 

3.4.1  Single-Wall  Tents 

In  single- wall  tents  the  lift  due  to  internal  pressure  must  be  added  to 
the  aerodynamic  lift.  The  load  on  the  anchors  due  to  internal  pressure  can 
be  calculated  from  the  following  expression  . 

Vr  ALe 

where  Pe  =  Internal  pressure,  IbsJft.2 

2 

Af  =  Floor  area, ft. 

The  total  anchor  lead  for  sir.gle-wall  tents  is  calculated  as  follows  (Fig.  22). 

Total  P  f  =  C  .  .  q  A  +  P  A 
AL  AL  p  e  f 

To  find  the  maximum  load  per  foot  of  perimeter  it  is  necessary  to 
divide  by  the  perimeter  of  the  tent. 


Total  AL 


2-ir  y  +  2  (^-  2r  ) 
where  y  =  s/2hr-h' 


(b  =  height  of  tent) 


r  =  Radius  of  tent  in  feet 


=  length  of  tent  in  feet 

The  anchor  spacing  to  secure  the  tent  at  the  design  wind  load  can  be 
calculated  as  follows: 
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Total  P 


AL 


*  Anchor  Holding  Capacity 


-  No  Anchors 


2*y  +  2  it  -  2r)  (ft.)  x  anchor  holding  capacity 
TOTAL  AL 


=  anchor  spacing 
in  feet 


where  «  -  3.1416 

t h  -  Length  of  tent  In  feet 

r  ~  Tent  radius  In  feet 
PAL=:  Total  anchor  load  for  tent  In  pounds, 


3.4.2  Double- Wall  Tents 

The  anchor  load  coefficients  for  double- wall  tents  is  defined  as 
follows:  i 

CBL  =  - 


qAp 


"GL 


GL 


qAp 


where  ^  “  Anchor  load  coefficient  for  the  base  of  tent 

CqL  ~  Anchor  load  coefficient  for  the  guy  lines. 

BL  -  Anchor  load  on  base,  lbs. 

GL  -  Anchor  load  on  guy  lines,  lbs. 

q  -  Dynamic  pressure,  Ibs/ft? 

2 

Ap  =  Reference  area,  ft. 

The  variation  of  anchor  loads  with  tent  height  to  diameter  ratios  and 
width  to  length  ratio  is  shown  in  Figure  23  for  the  base  anchors  and  Figure 
24  for  the  guy  lines. 

The  total  anchor  load  cnn  be  calculated  as  follows: 


AL 


f! -  r  base  anchors  load. 


*  Anchor  holding  capacity  <S  litoo  lbs. 


10 


and  GL  "  Cg^qAp  for  guy  line  loads 

The  number  of  anchors  reouired  to  secure  the  tent  at  the  design  wind 
loads  can  be  calculated  as  follows: 


CBL 

7 — r - r — .  "■  rr — rr~  =  No.  of  base  anchors 

Anchor  holding  capacity-lbs. 

~7 : - : — rr- - : - rr  =  No.  ol  guy  line  anchor 

Anchor  holding  capacity -lbs. 

Anchor  holding  capacity  is  taken  at  1500  lbs. 

3.5  STRUCTURAL  STRESSES 

The  fabric  stress  design  curves  are  presented  in  three  parts: 


1.  Single  wall  spherical  tents 

2.  Single-wall  cylindrical  tents  with  spherical  ends. 

3.  Double-wall  cylinders  with  flat  ends. 

For  qualifications  regarding  stresses,  see  Ref.  4. 

3.5.1  Single-Wall  Spherical  Tents 

The  design  curves  for  spherical  tents  generated  in  this  study  are 
shown  in  Figures  25  through  27  inclusive. 


The  design  curves  are  used  in  the  tent  analysis  as  follows: 


1.  From  design  requirements  determine  tent  size  and 
shape  and  design  value  for  dynamic  (or  impact)  pressure. 


2.  Enter  figure  25  at  the  required  h/d  and  read  the 
stress  coefficients. 


where 


qr 

N 


<t> 

Nu 


q 


and - 

qr 

=  meridional  stress  resultant  in  pounds  per  inch 

=  Circumferential  stress  resultant  in 
pounds  per  inch 

=  Dynamic  pressure  in  pounds  per  square  inch 
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r  =  Tent  radius  in  inches 


3.  Enter  Figure  27  and  read  stress  factors: 


N»(.V=  9J1 

N ,  (v  =  1.0) 
9 


N q  (v  =  1.0) 


where  v  =  assumed  Poisson's  ratio. 

4.  Multiply  stress  coefficients  by  stress  factors  to  get 
stress  for  material  with  R>isson's  ratio 

v  =  0.  5 

correct  ^  jjLzJLll 

qr  qr  N*  (  v  =  1.0) 

Ne  Ne  N0  (  V  =  0.  5) 

correct  -  =  —  •  -r*— r - r~rr 

qr  qr  Ne  (v  =1. 0) 

5.  Multiply  corrected  stress  coefficient  by  design  dynamic 
pressure,  q  in  p.s.i.  and  tent  radius, r, in  inches  to  get  stress 
resultants  and  No  in  pounds  per  inch  of  aerodynamic 
load. 


N  ,  lbs./ inch  =  — s 
9  qr 


N n  lbs./ inch  = 


correct 


correct 


6.  If  variation  in  No  with  apex  angle  4>  (Stress  distribution) 
is  desired,  determine  stress  ratio  as  follows: 


Nq  (peak)  ‘  0 

No  (4> ) 

The  stress  ratio  — — 7—* — 77  is  obtained  from  Figure  26 

Ne  (peak) 

depending  on  appropriate  h/d.  Multiply  stress  ratios 
by  N 0  to  get  variation  (stress  distribution)  of  Nq  versus 
apex  angle  4>  . 


7.  The  total  stress  resultant  is  the  sum  of  aerodynamic 
stress  as  calculated  above  and  the  internal  pressure  as 
follows 

Nx  =  N„  (from  5)  +  ^£L- 

4>  9  2 
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where 


N0  =  Ne  (from  6)  +  1 

2 

N  ,  =  Resultant  meridional  stress  in  pounds  per  inch 


N  e  =  Resultant  circumferential  stress  in 

pounds  per  inch 

=  Internal  pressure  in  pounds  per  square  inch 
r  -  Radius  in  inches 

The  fabric  to  be  used  must  withstand  these  stresses. 

3.5.2  Single-Wall  Cylindrical  Tents  With  Spherical  Ends 


The  design  curves  for  single  wall  cylindrical  tents  with  spherical  ends 
presented  in  this  study  and  analysis  are  included  as  Figures  28  through  32  . 


The  design  curves  are  utilized  in  the  analysis  of  the  tent  as  follows: 


1.  From  the  design  requirements  determine  tent  size 
and  shapo  and  the  dynamic  (impact)  pressure  value. 


2.  Enter  Figures  28  through  32  (choosing  the  appropriate 
Figure  by  the  h/d  ratio  of  the  tent)  at  the  required  W/f^  ratio 
and  read  stress  coefficients  for  both  the  cylindrical  section 
and  the  spherical  ends.  This  will  provide  the  following 
stress  coefficients: 

na  .  Ne 

— maximum  and -  maximum 

qr  qr 

for  cylinder  and  spherical  ends  where 


=  meridional  stress  resultant  in  pounds  per  inch 

Nq  =  circumferential  stress  resultant  in  pounds 

per  inch. 


q  =  Dynamic  pressure  in  pounds  per  square  inch 
r  =  Radius  iT'  inches 


For  stress  coefficients  for  other  sizes  than  those  presented,  linear 
interpolation  within  the  range  given  will  yield  corresponding  results. 

3.  Enter  Figure  27  and  read  the  stress  factor  ^ . j—  ■ 

*  *  ^ 
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and 


Na  (v  =  0.5) 
N0  (v  *  1.0). 


where  v  =  Poisson's  ratio. 


N,  =  Meridional  stress  resultant 

9 

N  =  Circumferential  stress  resultant 
8 

4.  Multiply  the  stress  coefficients  by  the  stress  factors  to  get 
stress  factors  for  material  with  Poisson's  ratio  v  =0.5.  Products 
are  corrected  stress  coefficients 


corrected  = 

=  0.5) 

qr 

qr 

(v 

=  1.  0) 

N<|> 

corrected  =  • 

Nd>  (v 

=  0.5) 

qr 

qr 

(v 

=  1.0) 

Ne 

corrected  -  M . 

No  ( v 

=  0.5) 

qr 

corrected  — 

qr 

N G  <v 

=  1.0) 

cylinder 

sphere 


cylinder  and  sphere 


5.  Multiply  corrected  stress  coefficient  by  the  design  dynamic 
pressure  in  lbs./in.  and  tent  radius,  r,in  inches.  The  products 
are  stress  resultants  and  N q  in  pounds  per  inch  for  the 
aerodynamic  forces  acting  on  the  tent 


N 


9 


•  qr 

corrected 


cylinder 


N 


9 


qr 


-  qr 

corrected 


sphere 


N  q  =  — qr  cylinder  and  sphere 

corrected 

6.  The  total  stress  resultant  is  the  sum  of  the  aerodynamic 
stress  and  the  stress  on  the  fabric  due  to  internal  pressure 


N”  =  N ,  +  P  r 

9  9  e 

cylinder 

NT  =  N  .  +  P  r 

9  9  e 

sphere 

%  =nx  =  n6  +^L 

cylinder  and  sphere 

w^ere 

N  =  Stress  resultant  at  junction  of  cylinder 
and  spherical  end.  Axial  stress  on 

cylinder  =  Nq  circumferential  stress 
of  spherical  end  in  pounds  per  inch. 
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N,  =  Meridional  stress  resultant  in  pounds 
v  per  inch 

Ng  -  Circumferential  stress  resultant  in 

pounds  per  inch 

P  =  Internal  pressure  in  pounds  per  square  inch 
e 

r  =  Radius  of  the  tent  in  inches 


3.  5. 3  Double-Wall  Cylindrical  Tents  With  Flat  Ends 

The  design  curves  generated  for  double-wall  tents  with  flat  ends  in  this 
analysis  are  presented  herein  as  Fig.  33-35.  The  meridional  stress  result¬ 
ants  were  computed  and  plotted  versus  q,  dynamic  pressure  in  inches 
water  gauge.  The  fabric  web  and  hoop  loads  were  plotted  as  a  function  of 
cell  radius,  internal  pressure  and  cell  angle. 

The  design  curves  are  utilized  in  the  analysis  of  the  tent  as  follows: 

1.  From  the  design  requirements  determine  the  tent  size  and 

shape  and  the  dynamic  pressure  design  value. 

2.  Determine  cell  width  to  tent  diameter  w/d,  and  inflation  pressure, 
w/d  =  0.12  was  found  to  be  the  best  ratio  from  a  stability  and 
weight  standpoint. 

3.  Enter  Figure  33  to  obtain  web  stress  in  pounds/inch. 

4.  Enter  Figure  34  to  obtain  hoop  stress  in  pounds  per  inch. 

5.  Enter  Figures  35  through  43  to  find  meridional  stress  result¬ 
ant  in  pounds  per  inch. 


3.6  FABRIC  STRESS 

The  structural  stresses  were  resolved  in  two  orthogonal  directions. 

This  is  convenient  since  it  can  be  related  to  the  warp  and  filling  directions 
of  a  fabric.  Therefore  for  single  wall  tents  the  meridional  stress  resultant, 
and  the  circumierential  stress  resultant,  N@  are  assumed  to  be  the 
warp  and  filling  stress  in  a  fabric.  Which  stress  relates  to  warp  or  which  to 
the  filling  stress  will  depend  on  the  orientation  or  the  fabric  with  respect 
to  the  directional  stresses  of  the  structure. 
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In  double-wall  tents,  it  is  assumed  that  the  warp  direction  is  oriented 
along  the  length  of  the  tube  while  the  filling  direction  is  oriented  in  the  hoop 
direction.  Therefore  the  longitudinal  stress  is  equivalent  to  the  fabric  warp 
stress  while  the  hoop  stress  is  equivalent  to  the  filling  stress  in  a  fabric. 

3, 6, 1  Safety  Factors 

The  stress  values  provided  in  this  manual  are  those  stresses  which 
develop  under  design  wind  load.  In  selecting  a  material  to  meet  the  design 
stresses,  allowances  must  be  made  for  other  facto  s  such  as  the  following: 

a.  Uniformity  of  product 

b.  Weathering  resistance 

c.  Handling 

d.  Stress-strain  characteristics  of  the  fabric  and  its 
ultimate  rupture  strength 

To  obtain  the  maximum  reduction  in  weight  and  still  have  good  durability 
and  reliability,  each  of  the  factors  listed  must  be  accurately  evaluated  with 
respect  to  their  effect  on  the  strength  of  the  material,  ^his  information  can 
be  obtained  from  references  2  and  3  and  from  the  Fiber  Manufacturers. 


However,  in  situations  where  detailed  information  on  the  above  factors 
are  not  available.  Ref.  1  recommends  that  a  safety  factor  of  three  (3)  be  used. 
So  that 


x  3  =  Design  strength  of  material 


Nq  x  3  =  Design  strength  of  material 


3.  7  FABRIC  WEIGHTS 


3.  7.  1  Weight  of  Base  Fabric 

The  weight  strength  relationship  of  plain  weave  fabrics  made  from  different 
fibers  is  shown  in  Table  III.  The  unit  is 

lbs-sq  yd 
inch  -  oz 

The  weight  of  base  fabric  is  calculated  as  follows: 

(safety  factor  )  (maximum  stress)  —  ~  =  Wt  of  base  fabric 

*  in  oz 

3.  7.  2  Weight  of  Coated  Fabric 

The  estimated  weight  of  coating  required  versus  weight  of  base  fabric  for 
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single-and  two-ply  coated  fabric  is  shown  in  Figure  I  5  . 

The  weight  of  coated  fabric  is  obtained  by  adding  the  weight  of  the  base 
fabric  and  the  weight  of  coating  as  determined  from  the  graph. 

Wt  base  fabric  +  Wt  of  coating  =  Wt  of  coated  fabric 
3.8  BLOWER  CHARACTERISTICS 

The  blower  pressure-volume  relationships  for  single  and  double  wall 
tents  differ  and  will  be  considered  separately. 

3. 8. 1  Single  Wall  Tents: 

Pressure:  An  internal  pressure  equal  to  the  wind  impact  pressure  q,  is 
recommended  for  good  tent  stability  and  minimum  tont  deflection.  It  should  be 
pointed  out  that  pressures  of  less  than  q  can  be  tolerated  from  a  stability 
standpoint.  However  should  pressures  lower  than  q  be  used,  the  greater  de¬ 
flections  and  lower  usable  volume,  resulting  from  these  lower  pressures, 
must  be  accounted  for  in  the  anticipated  usage. 

Blower  volume:  The  blower  must  have  sufficient  volume  to  account  for 
all  air  losses  and  still  maintain  the  required  internal  pressure.  Air  losses 
which  can  be  calculated  are  fabric  porosity,  ventilating  ports,  slide  fasteners, 
and  other  orifices  which  are  necessary  for  proper  operation  of  the  tent. 

The  air  losses  through  the  ground  seal,  doors  and  other  closures  which  are, 
for  the  most  part,  not  amenable  to  calculations  but  must  be  determined  on  an 
individual  basis. 

Fabric  porosity  is  generally  known  or  can  be  determined  for  any  given 
pressure  in  terms  of  air  loss  in  cubic  feet  per  square  foot  per  minute. 

Air  losses,  Q,  through  ventilating  ports,  slide  fasteners  and  other  orifices 
can  be  calculated  from  the  following  expression: 

Q  =  1C96.5  C  A  --- 

°  i  gp 

uhere 

Q  =  Discharge  in  cu.  ft, /min 

A  =  Area  of  orifice  in  sq.  ft. 

“iP  =  Differential  Pressure,  in  inches  w.g. 
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gp  =  Density  of  Air  in  lbs,  /cu.  ft. 


C  =  Coefficient  of  contraction 
c 

C  -  Coefficient  of  velocity 
v 

C  =  C  x  C  =  0. 65 
o  c  v 

The  leakage  through  a  number  10  crown  slide  fastener  was  calculated 
in  terms  of  cubic  feet  per  minute  per  inch  of  slide  fastener  chain.  The  results 
are  plotted  as  Figure  44  . 

Air  losses  through  the  ground  seal  doors  and  other  closures  must  be 
determined  experimentally. 

The  following  air  losses  were  found  for  doors  with  metal  frames  and 
ground  seals  typical  for  Military  type  air  supported  tents. 

Item  Cubic  feet/minute 

Door  503 

Ground  catenary  with  seal  skirt  26  per  perimeter  foot 

Ground,  pipe  seal  6  per  perimeter  foot 

The  air  loss  values  listed  above  are  typical  and  can  be  expected  for 
Military  tentage  installed  under  field  conditions. 

The  volume  capacity  of  the  blower  then  becomes  a  summation  of  all  air 
loss  factors. 


3.8.2  Double-Wall  Air  Supported  Tents 


Pressure  ;  The  pressure  required  for  double  wall  tents  is  related  to 
the  size  of  the  tent,  and  the  depth  oi  cell  walls.  The  larger  the  depth  of 
cell  wall  for  a  given  size  tent,  the  lower  the  pressure  requirement  for  the 
design  wind  load.  Present  technology  for  the  development  of  double  wall  tents 
requires  that  an  empirical  determination  be  made  of  the  relationship  between 
cell  depth  and  inflation  pressure  for  each  tent.  Studies  are  underway  to 
develop  Jie  necessary  constants  for  establishing  an  accurate  and  working 
relationship  among  tent  size,  cell  depth  inflation  pressure  and  free  stream 
dynamic  pressure.  The  results  of  these  studies  will  be  included  in  the  manual 
when  they  become  available. 


18 


V?' 


Experience  with  Military  double  wall  tents  hav»-  shown  that  up  to  7  inches 
w.  g.  was  required  to  erect  itself.  It  was  also  found  that  with  tents  having  a 
cell  depth  to  tent  width  ratio  of  0.08  to  0.12,  the  minimum  tube  pressure  which 
could  be  tolerated  was  "q"  for  survival,  and  3q  for  good  stability  and  minimum 
deflection. 


Blower  Volume:  The  air  volume  required  for  double -wall  air  supported 
tents  is  much  less  than  that  required  for  the  single-wall  type.  The  double 
wall  tent  is  airtight  and,  ideally,  once  inflated  the  tent  will  retain  its  pressure 
with  the  blower  turned  off.  In  this  situation  the  operation  requirements 
for  air  volume  is  minimum  and  blower  volume  capacity  can  be  gaged  on 
other  tent  characteristics.  Two  such  characteristics  can  be  defined  as 
time  for  erection,  and  air  capacity  to  compensate  for  air  losses  which  may 
occur  when  the  cell  wall  is  punctured.  Air  losses  may  be  estimated  as  for 
single  wall  tents. 


The  air  volume  capacity  required  to  erect  the  tent  in  a  given  time  can 
be  estimated  as  follows: 


Cell  Volume  (ft.3) 
Inflation  Time  (min. ) 

3.  9  TENT  WEIGHT  AND  CUBE 


Volumetric  Capacity  of  Blower  at 
zero  inches  water  gage. 


3.9.1  Tent  Weight 

Single-Wall  Tents 

Total  weight-lbs.  =  (Fabric  Area -yds.2  )(Coated  Fabric 

Weight-oz/yd‘  )(1.  5/1  6) 


Double~Wall  Tents 

Wall  and  roof  section 

Total  weight  of  Wall  &  Roof  Sections-lbs  =  Fabric  Area-yds.  2  )(coated 

Fabric  Weight-oz/yd.  2  )(1.  33/1  6)  . 


End  Curtain 


Total  Weight  of  End  Curtains  =  (Fabric  Area-yd. 

Weight  oz./yd. 


)(Coated  Fabric 
)(1.  5/1  6) 
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3,9.2  Package  Cube 

Single-Wall  Tents 

j  j 

Package  cube- it  =  (Total  Weight  of  tent  -  lbs)(0.1  ft  /lb) 
Double-Wall  Tents 

Package  cube  -  ft3  ~  (Total  Weight  of  Roof  h  Wall  -»  Total 

Weight  of  End  Curlains)(0.  065) 


Z0 
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TABLE  I 


GENERAL  DATA  -  SINGLE  AND  DOUBLE  WALL  TENTS 

.  —  -  *  -  i  i 


Tent  Type 

Dimensions  I 

Shape 

Fabric  Weight  * 

Single  Wall 

Pentadome  -  100  ft.  dia. 

H  -  50  ft. 

Spherical 

Base  -  5.  5 

Dome  -  18 

Pentadome  -  1  50  ft.  dia. 

H  -  8  5  ft. 

Spherical 

Base  -  10 

Dome  -  24 

Air  House  -  40  x  80  ft. 

H-  15  ft. 

Cylindrical 
Spherical  Endi 

18 

R  a  dome  -  27  ft.  dia. 

H  -  19  ft.  8  in. 
Base  Dia.  24  ft. 

Spherical 

19-20 

Above  Ground  Launcher 

W  -  1 7  ft.  6  in. 

H  -  1  3  ft. 

L  -  61  ft. 

Cylindrical 
Spherical  Ends 

18  | 

1 

Double  Wall 


:  Assembly  Are? 

H  -  27  ft. 

W  -  54  ft. 

L  -  1  2  ft. 

Wall  Depth  -  3  ft. 

Cylindrical 

20  ! 

! 

i 

| 

Aviation  Maintenance 

1 

H  -  18  ft.  -  4  in. 

W  -  28  ft. 

L  -  10  ft.  -  3  in. 
Wall  Depth  -  2  ft. 

Cylindrical 

j 

Roof  14 

End  -  16 

Shelter  Set  Small 

_ _ 

H  -  1 3  ft.  8  in. 

W  -  23  ft.  4  in. 

L  -  1 3  ft. 

Cylindrical 

Roof  -  14 

End  -  16 

*  Fabric  Weight,  oz/yd2 
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TABLE  II 

TENT  PLAN  FORM  AREA,  A 


SPHERICAL  AND  CYLINDRICAL  TENTS  WITH  HEMISPHERICAL  ENDS 


Tent  Radius,  r 


Tent  Planform  Area,  AD,  Sq.  Ft, 


Spherical 


314 

452 

615 

804 

1017 


1256 

1520 

1809 

2123 

2463 


2827 

3216 

3631 

4071 

4536 


5026 

5541 

6082 

6647 

7238 


78  53 
8494 
9160 
98  52 
10568 


1309 

2076 

2868 

3684 

14526 


5393 

6286 

17203 

18145 

19113 


20106 


Cylindrical 

1/2,  W It 


714 

1028 

1399 

1828 

2313 


2856 
34  56 
4113 
4827 
5599 


6427 

7312 

8255 

9255 

10312 


1426 

2597 

3826 

15111 

16454 


178  54 
19310 
20824 
22396 
24024 


25709 

27452 

29252 

31108 

33022 


34993 

37022 

39107 

41249 

43449 


45706 


Cylindrical 
1/3,  W It, 


1114 
1604 
2183 
28  52 
3609 


44  56 
5392 
6417 
7531 
8735 


0027 

1409 

2879 

4439 

16088 


17826 

19653 

21570 

23575 

25670 


278  54 
30126 
32488 
34940 


37480 


40109 

42828 

45636 

48532 

51518 


593 
758 
61011 
64353 
67785 


71306 


Cylindrical 
1/4,  W/th 


1514 

2180 

2967 

3876 

4905 


60  56 
7328 
8721 
10235 
11871 


13627 
1  5505 
17503 
19623 
21864 


24226 

26709 

29314 

32039 

34886 


4 

2 

2 


47484 

50936 


54509 

58204 

62020 

65956 

70014 


74 

78 

82 

87 


92121 


96906 


Table  III 

Weight  Strength  Relationship 
of  Plain  Weave  Fabrics 


Fiber  Type 

— 

Specific  Gravity 

Weight-Strength 
Relationship 
lbs.  -  sq  yd. 
in.  x  oz.  i 

Polyester* 

1.  37 

1 

35 

Nylon 

1.  14 

38 

Spun  Acrylic 

1.  17 

12 

Filament  Acrylic 

l.  17 

15 

Gtess  Fiber** 

2.56 

i, 

Polypropylene*** 

0.98 

48 

I 


*  Strip  tensile  test.  Other  tensile  test  data  calculated  from 
grab  tensile  data  using  the  relationship; 

Grab  tensile  test  x  0.  66  =  Strips  tensile  test. 

**  Base  fabric  prepared  for  coating. 

***  High  initial  test  degrades  rapidly  in  weathering.  Satis¬ 
factory  coating  adhesion  difficult  to  attain. 
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SECTION  4 

SAMPLE  DESIGN  PROBLEMS 
4.1  GENERAL  EQUATIONS 

1.  LIFT  =  CT  qA 

L  P 

2.  DRAG  =  qA 

C  p 

3.  MOMENT  =  C  qA  r 

M  p 

4.  ANCHOR  LOAD  =  ^ALqAp 

5.  GUY  LINE  LOAD  =  C  a  A 

GL  p 

6.  PLANFORM  AREA 

W 

Single-Wall  Spheres  and  Cylinders  =  Ap  =  tt  (-j-)2  +  W  (! -W) 
Double-Wall  Cylinders  -  Ap  =  Wf^ 

7.  FLOOR  AREA 

Single-Wall  Spheres  and  Cylinders  =  S^  =  it  y2  +  2y  (f-Zr) 
where  y  =  (2  hr  -  h  2) 

Double  Wall  Cylinders  -  Af  =  Wfh 

8.  SURFACE  AREA 

Single-Wall  Spheres  and  Cylinders 

Af  =  2  it  r  -  r\(f-2r)  +4ir  r2  -  Ztr  r  (r-x)  (-“)  yds2 
where  X  =  tan  y/x,  y  =  (2rh-h2  ft 2 ,  x  =  (r2  -  y2  ) 
Double-Wall  Cylinders 

Af  =  rrrf  +  4f  (h-r)  +  w  r2  +4  r  (h-r ) 

9.  PERIMETER  (To  determine  Anchor  Spacing) 

Single-Wall  Cylinders  and  Spheres,  P  =  2f  -  4r  +  2  try 
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Double-Wall  Cylinders  P  =  2t^ 

10.  INFLATION  LOADS 

Single-Wall  Cylinders  and  Spheres 

Load  =  P  A- 
e  i 

11.  NUMBER  OF  ANCHORS  REQUIRED  (Based  on  an  1500  lb/anchoring  device) 


Single-Wall  Cylinders  and  Spheres 

Inflation  Load  4  Anchor  Load 


No.  = 


1500 


Double-Wall  Cylinders 

Anchor  Load 


No.  = 


1500 


+  Guy  Line  Load 
1500 


12.  ANCHOR  SPACING 

Single-Wall  Cylinders  and  Spheres 

_  Perimeter 

SpaCing  =  m.  Anchors 


Double-Wall  Cylinders  - 
13.  DYNAMIC  PRESSURE 

q  =  q  (Standard  Day)  (kp) 


where  kpis  correction  factor 
for  non-standard  day  found  in  fig.  10 


14.  FABRIC  STRESS 


Single-Wall  Cylinders  and  Spheres 


Ne 

Uncorrected  N-.  =  qr  (-** — ) 
o  q  r 

N, 

Uncorrected  N.  =  qr  ( — *-) 

qr 
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N  (v  =  0.  5) 

Na  =  Nrt  (Uncorrected)  © 

®  Ne(v=1.0) 

=  N  {Uncorrected)  ^ 

*  *  v^ror 


Total  Stress  Resultant,  N 
P  r 

N ,  :  N1  + 

9  9  2 


♦ 


and 


P  r 
e 


N0=  Ne+  2 


Double -Wall  Cylinders 


Meridional  Stress  Resultant,  N  is  read  from  r  igs.  35-43 


N 


♦ 


Hoop  Stress  Resultant,  N  =q  f - )  read  from  Fig.  34. 

r  ha 


N 


w 


Web  Stress  Resultant,  N  =  q  ( - )  read  from  Fig.  33. 

w  q 


15.  FABRIC  WEIGHT 


Fibre  Weight  -  Strength  Constant, 


#  -  yd/ 
in.-  oz. 


read  from  Table  III. 


Weight  of  Base  Fabric  =  3  (N<$>  or  N9)  t  (  f  •-  -  ) 


in.  -  oz. 


or,  for  Double  Wall  Weight  =  3  (N  or  M  )  —  (—  ~  \ 

t  h  •  in.  -  oz. 


and  wt  =  3  N  7  ( — - ) 

w  in.-  oz. 


16.  SLIDE  FASTENER  LENGTH 


Single-Wall 

length  =  ir  r  -  r  \  +  t-  2^2 rh  -  h2 
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where 


\  =  tan  y/x 


and 


y  =  \fz  rh  -  h2 


17.  CELL  VOLUME 

V  = 
c 


it  r2  f  -  it !  (r-w)2 
_ h  h _ 

2 


2*h(h 


r)  w 


SAMPLE  DESIGN  PROBLEMS 
4,2  KNOWN  TENT  SHAPE 
4.2.1  Single-Wall  Sphere 


Given:  Width  -  30'.  height  -  22.  5',  h/d  =  3/4, 

Pressure  altitude  -  Sea  level 
Temperatures  expected  -  30®  F  to  +  60®  F 
Wind  velocity  -  90  kts 

1.  Determine  Dynamic  Pressure,  q. 

A.  At  90  kts,  q  (standard  day)  =  27  psf. 

B.  Correction  factor  a  1,21 

C.  q  (corrected)  =  (27)(1.  21)  =  32.  7  psf. 

2.  Determine  Aerodynamic  Loads. 


A.  Lift 

CL 

q 


=  CTqA„ 

L  p 

=  0.65 


=  32.7 


=  it  r2  -  tt  (15)£  =  709  ft. 


2  _ 


Lift  =  (0.  o5)(32.  7)(709)  =  15,  050  1b. 
B.  Drag  =  C^qA^ 


D 

qst 


=  0.  38 
=  32,  200  lb. 


Drag  =  C  oA  =  (0.  38)(23,  200) 
D  p 

3.  Determine  Anchor  Spacing. 


=  8,  810  lb. 


Fig.  9  * 
Fig.  10 


Fig.  11 


Fig.  13 


A.  Load  due  to  wind  force 

♦  Figure  numbers  refer  to  appropriate  chart  providing  the  variables 
required  for  inclusion  in  the  equation.  See  List  of  Illustrations, 
pg  vi,  for  location  within  the  text. 
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Fig.  U 


=  1.5 

=  23,  200  lb. 

=  C  ,qA  =  (1.  5)(708)(32.  7)  =  34,  700  lbs. 
AL  p 

B.  Load  due  to  inflation  pressure 

since  P  =  q  lor  stability,  P  =  32.  7  psf. 
e  e 

Floor  area  of  tent  is  given  by 


Inflation  load  =  P  A  =  (32. 7)(531)  =  17,  400  lb. 

e  f 

C.  Total  load  on  tent 

Inflation  load  +  wind  load  =  17,  400  lb. 

34,  700  lb. 
total  load  52,  100  lb. 

D.  Perimeter  of  tent  =  2  4r  +  2  n  y 

=  2(30)  -4(15)  +  2  it  [(2  x  22.  5)(15)-(22.  5)2 

=  82  ft. 

E.  Since  nominal  load  per  4"  arrowhead  anchor  is  1500  lbs.  , 
then  no.  anchors  =  52,400/1500  =  34.9 

F.  Anchor  spacing  =  perimeter/no.  anchors 

8  2/35  =  2.  34  ft.  per  anchor 

4.  Determine  Fabric  Stress. 

A.  Determine  wind  impact  pressure,  q,  in  lb. /in.2 and  in.  w.  g. 

2 

q  =  0. 187  lb,/in.  =  5.  2  in.  w.  g. 


AL 

9  A 


wind  load 


i/- 


Fig.  9 
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'  r  t 


3te«3? 


B.  Determine  peak  stress  coefficient,  N/qR 

N„  N 

for  h/d  =  3/4, 


Fig.  25 


8  =  1.72,  — I*  «  1.65 


q  R  ’  q  R 

C.  Determine  stress  factors  if  Poisson’s  ratio  is  nearer  0.  5  Fig.  27 
than  it  is  1. 0.  If  Poisson’s  ratio  is  not  known,  delete  steps 
C  and  D. 


N0(v  =0.5) 
Na(v  =1.0) 


=  1.  006, 


Na  (v  =  0.  5) 

_ _ _ 

N .  (v  =1.0) 
9 


=  1.01 


D,  Determine  corrected  stress  coefficient  for  material  with  Poisson's 
ratio,  v  =  0.  5 


N0(v  =0.5) 
Nq  fv  =  1.  Of 


N 


e 

q  r 


—  =  (1.  01)(1.  72)  =  1.  736 


N  (v  =  0.  5)  N 

Jr  ", . ni  “T  =  (1»  006  )(1.  65)  =  1.66 

N  (v  -1.0)  q  r 

9 

E.  Determine  stress  resultants  from  wind  loading,  N  and  N 

9  0 

N+  .  (1.6MqB  .  ft  66,(32, 7K15XU,  .  67.91b.,in. 


Ne  .  (1.  736,q  R  =  SLimEimim  .  70.  9  lb.  /in.  / 


F.  Determine  total  stress  resultant 

N  =  N  (from  E)  +  =  67.  9  +  ^  fr??; ("  Z) 

9  9  2  (2)  (144) 


N  =  67.  9  +  20.  4  =  88.  3  lb.  /in. 
9 


Ne  =  Ne  ^rom  + 


P  r 
e 


=  70.  9  +  20.  4  =  91.  3  lb.  /in. 


5.  Determine  Fabric  Weight  Pequired. 
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A.  Determine  fiber  type  from  oth  onsiderations  -  select  polyester. 

B.  Determine  weight  -  strength  relationship  fiber 


*1 


35  lb.  -  yd.  2 
in.  02. 


Tabic  1 


C.  Using  a  safety  factor  of  3,  weight  of  base  fabric 

wt.  =  3(Ne)  +  — ■  “,ld» 2 

in.  oz. 

wt-  =  3  (,1(35)  =  7- 62  oz-  iyA- 2 

D.  Determine  weight  of  coated  fabric 

Weight  of  coating  (single  ply)  =  16  oz.  / yd.  1  Fig.  4  5 

Total  weight  =  base  fabric  +  coating  -  7.  82  +  16  =  23.82  oz/yd.2 


SAMPLE  DESIGN  PROBLEMS 


4.  2.  2  Single  Wall  Cylinders 

Given:  Single  Wall  Cylinder  with  Spherical  Ends. 

Width  -  50  ft.  length  -  100  ft. ,  height  -  £5  ft. 
Sea  Level  Standard  Atmosphere 
Wind  Velocity  -  105  mph 

1.  Determine  Dynamic  Fressure,  q, 

^  At  105  mph,  q  (standard  day)  =  28  1  lb.  /ft.  2 


2.  Determine  Aerodynamic  Loads. 


L 


A.  Lift 
C, 

q 

\ 


=  C  q  A 
L  p 

=  0.47  5 
-  28,  1  lb./ ft.  1 

+  W  (#  -  W) 


•[f] 

•“'M 


(3 

44 


+  50  U.  (100  ft.  -  50  ft.  ) 


Lift  =  (0.  475j{28. 1  lb,  /ft.  2)  (4465  ft.  2) 


B.  Drag  = 
C 


59.  600  lb. 


CnqA 
D  p 


D 
qAP 


=  0.  25 


=  (28. 1  lb. /ft.  )  (4462  ft.  2 ) 


=  125,  40C  lb. 


Drag  -  (0.  25)  (125,  400  lb.  ) 


31,  400  lb. 


32 


ft 

I 


Fig.  9 


Fig.  11 


Fig.  1  3 


3.  Determine  Anchor  Spacing. 

A.  Load  Due  to  Wind  Force 

CAT  =1,6  r.  .  . 

AL  Fig.  22 

q  Ap  =  125,400  1b. 

Wind  Load  =  CAT  qA 

AL  p 

=  (1.  6)  (125,400  lb.  ) 

=  200,  600  lb. 

B.  Load  Due  to  Inflation  Pressure. 

Since  P  =  q  for  stability,  P  =  28. 1  lb.  /ft.  2 
e  e 

Floor  area  of  tent  is  given  by 

Sf  =  it  y2  +  2y  (f-2r) 

=  3. ’4  [2  [(25  ft.  ) (2 5  ft.)  -  (25  ft.)2J  !/2|  2 

+  2  [2  (25 ft. ) ( 2 5  ft.)  -  (25ft.)2]  1/2  (100  ft.  -  50  ft.  ) 

=  1962  ft.  2  +  2500  ft.  2  =  4462  ft.  2 

Inflation  Load  =  P  A. 

e  f 

=  (28. 1  lb.  ,/ft.  2  )(4462  ft.  2  ) 

=  125,  400  lb. 

C.  Total  Load  on  Tent 

Inflation  load  +  wind  load  =  125,400  lb. 

200,  600  lb. 

326,  000  lb. 

D.  Perimeter  of  Tent  =  2f-4r+2try 

=  2  (100  ft.  )  -  4  (25  ft.  )  +  6.  28  (25  ft.  )  =  256  ft. 


33 


E,  Since  normal  load  per  4  in.  arrowhead  anchor  is  1500  lb.  , 
then  number  of  anchors 

=  326,000  lb.  /1500  lb,  anchor 

=  217 

F.  Anchor  spacing  =  perimeter /number  anchors 

=  256  ft.  /  21 7 
=  1.18  ft. 

4.  Determine  Fabric  Stress. 


A.  Spherical  Ends 

1.  Determine  wind  impact  pressure  ,  q,  in  lb/in.  1  and  in.  w.  g. 


q  =  0.195  1b, /in.  =  6.  0  in.  w.  g. 

2.  Determine  peak  stress  coefficient, 

Ne  N 

for  h/d  =  1/2,  -  =  1. 120  -£-  =  1.  650 

q  r  qr 

3.  Determine  stress  factors  if  necessary. 


Fig.  0 
Fig.  31 
Fig.  20 
Fig.  27 


N0  (v  =  0.  5) 

N0  (v  =  1.  0> 


=  1.  026 


N.  (v  =  0.  5) 

9 

N.  (v  =1.0) 


=  1.  04R 


4.  Deterir.ine  corrected  stress  coefficient  for  material  with 
Poisson's  ratio,  v  =  0.  5  if  necessary. 


N0  (v  =  0.  5)  N0 

N0(v  =1.0)  "qT 


-  (1.  026)(1.  120)  =  1.  149 


N  (v  =  0.  5)  N 

_9 _  9 

N  (v  =  1.  0)  qr 
9 


=  (1.  048 )(1.  650)  =  1.  7  30 


5.  Determine  stress  resultants,  N  and  from  wind  loading. 
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N  -  (1  730)  □  l  -  (1'  730)(^a  Ib-/ft-  'H25  ft-H12  ‘"-/ft-) 

4,  *  '  *  '  M  144  in.  2  /ft.  2 

=  101  lb.  /in. 

N  -  a  1491  a  r  -  (L  1*9)(?8. *  lb. /  ft.  2  )(25  ft.)  (12  in.  /ft.  ) 
6  "  1  *  q  “  144  in.  2  /ft.  2 


=  67  lb.  /  in. 


6.  Determine  total  stress  resultant. 

_  p  r 

N.  =  N,  (from  5)  +  — 7 — 

<P  4>  2 

=  101  lb  /in  +  liB.llb./ft.2)(25Jt  m2  in.  /ft.) 
*  '  *  (2)  (144  in.  2  /ft.  2) 


=  131  lb.  /in. 

p  r 

N0  =  N0  (from  5)  +— |— 


=  67  lb.  /in.  +  30  lb.  /in. 


=  97  lb. / in. 


B.  Cylindrical  Section 


1.  Determine  wind  impact  pressure,  q,  in  lb.  /in.  2  and  in.  w.  g. 

q  =  0.  195  lb. /in.2  =  6.  0  in,  w.  g.  ^8* 

2.  Determine  peak  stress  coefficient,  Fig.  25 

for  h/d  =1/ 2,  N  /qr  =  1.  120  N  /qr  =  0,  555 
o 

3.  Determine  stress  factors  if  necessary.  Fig.  27 


Nq  (v  ^  0.  5) 
N0  (v  =1.  0) 


1.  026 


(v  =  0.  5) 

_ 

N  (v  =  1.  0) 
9 


1.  048 


4,  Determine  corrected  stress  coefficient  for  material  with 
poisson’s  ratio,  v  =  0.  5  if  necessary. 


N  (v  =  0.  5)  N 

nT(7  —  0)  —  =  (1.026,(1.130)  =  1.149 
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N  (v  =0.5)  N 

Tp~7 . n  *77*  =  (1-048)  (0.  555)  =  0.  582 

N  (v  =1.0)  q  r 


5.  Determine  stress  resultants, 


and  Mg,  from  wind  loading. 


N.  =  (0.  582)  qr 

9 


(0.  582)(28,  1  lb.  ft.  * )  (25  ft.  )(12  in.  /ft.  ) 
144  in.  1  /ft.  1 


=  34  1b. /in. 

N  -  fl  149)  or  -  A- 149((28. 1  lb.  /ft.  2  R25  ft.  )(12  in.  /ft.  ) 
jnq  (i.  l^v)  qr  -  144  in.  z  /ft. 7 


=  68  lb.  / in. 


6.  Determine  total  stress  resultant. 

-  p  r 

N  -  N  (from  5)  +  ~ — 

9  9  2 


.  (28.11b. /ft.  2)(25ft.  )(12in.  /ft.  ) 

-  59  lb>  /m-  + - FflJIiSTTftTT - 


=  6  3  lb.  /  in. 

P  r 

Ne  =  Ne  ^from  5*  + 


,  (28.1  lb. /ft.  2)(25  ft.  )(12  in.  /ft.  ) 
=  do  id.  / in.  +  ■■  -  —  ■■  ■  — — .  ■■■,  ,  i  -I.  i 

2  (144  in.  /ft.  ) 


=  97  lb. /in. 

5.  Determine  Fabric  Weight  Required. 

A.  Spherical  ends. 

1.  Determine  fiber  type  from  other  considerations  -  select 
polyester. 

2.  Determine  weight-strength  relationship  of  fiber 


=  35 


lb.  -  yd. 
in.  -  oz. 


Table  1 
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3.  Using  a  safety  factor  of  3,  weight  of  base  fabric 


3(]sj  v  _L_  35  lb.  -  yd.* 

<b  in.  oz. 


=  3(131  lb. /in. )  -4-  3.5,lb>  ~  yd‘ 


m.  oz. 


=  1 1 . 2  oz.  /yd.  2 


4.  Determine  weight  of  coated  fabric, 
weight  of  coating  (single  ply  vinyl) 

=  16  oz.  /yd.  2 

total  weight  =  base  fabric  +  coating 


=  11.2  oz. /yd.  2  +  1  6.  0  oz.  /yd.  2 
-  27.2  oz.  / yd. 


B.  Cylindrical  Section 

1.  Determine  fiber  type  from  other  considerations  -  select 
polyester. 

2.  Determine  weight  -  strength  relationship  of  fiber 
lb.  -  yd.  2 


=  35 


in.  oz. 


Table  1 


3.  Using  a  safety  factor  of  3,  weight  of  base  fabric 


35  lb.  -  yd.2 
in.  oz. 


=  3(97  lb.  /in.  )  -f- 

=  8.  32  oz.  /yd.  2 


35  lb.  -  yd.  2 
in.  oz. 


4,  Determine  weight  of  coated  fabric. 
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weight  of  coating  (single  ply  vinyl) 


=  16.  0  07..  /yd.  1 

total  weight  =  base  fabric  +  coating 
=  8  32  o/..  /yd.  1  +  16.0  oz.  / yi.  1 
~  24.  32oz.  /yd.  1 

6.  Maximum  Deflection  for  Single  Wall  Tent. 

W/f  =  1:2  and  h/d  =  0.  5 
h 

6  /r  =  6  /r  =  0.  105  Fig.  20 

H  r 

so  that  maximum  deflection  =  r  (6 _ / r ) 

F 

6  =  25  (.  105)  2.  51  ft. 

max 

7.  Blower  Requirements 

Enclosure  pressure,  P  ,  =  6.  0  in.  w.  g. 

e 

Air  less  per  inch  of  slide  fastener  at  P  =  t>  in.  w.  g. 

equals  2.  5  ft.  3  /min.  / in.  Fig.  44 

Total  length  of  slide  fastener: 

L  =  2trr-r\+l-2r 

=  2(3.  14) (25  ft.  )  -  25  ft.  p  14)  +  100  ft.  -  2  (25  ft.  ) 

=  128.  5  ft.  or  1550  in. 

Air  loss  through  slide  fastener 

=  (2.  5  ft.  3  / min.  /  in.)  (1550  in.  ) 

=  3860  ft.  3 /min. 

Air  loss  through  ground  seal  at 
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26  ft. 3  /ft.  /  min. 

=  (257  ft.  )(26  ft.  3 /ft.  /min.  ) 

=  6700  ft.  3  / min. 

Air  loss  through  door  =  503  ft.  3 /min. 

Total  Air  Loss 

=  3660  ft.  3/min.  +  6700  ft.  3/min.  4-  503  ft.  J/min. 

=  11,063  ft.  */ min.  ,  at  6.  0  in.  w.  g. 

Total  Blower  Requirement, 

Q  =  2  Air  Loss  =  22126  ft,  3 /min. 

8.  Package  Weight  and  Cube. 

Surface  area  of  material: 

Ag  =  Jj2»rr  -  r2\)(f-2r)  +  4ir  r2  -  2*  r  (r-x)J  ^ 

2(3.  14 ) ( 2 5  ft.  )  -  (25  ft.  )(3. 14)  (100  ft..50ft) 

■mt 

+  4(3.  1  <*(25  ft.  )2  -  2  (3.14)(25ft.  )(25ft.^5ft.jf^V 

=  1300  yd.  2 

Assume  weight  of  material  =  25.8  oz.  /yd.  2 

Calculated  wt.  =  (1300  yd. 2 )( 2 5.  8  oz,  /yd/)  (lb.  /16  oz.  ) 

=  2100  lb. 

Adjusted  wt.  =  (1.  5)(  2100  lb.  ) 

=  3150  lb. 

Estimated  cube  =  (0. 1  ft.  5 /lb.  )  (1950  lb.  ) 

=  315  ft.  3 
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SAMPLE  DESIGN  PROBLEMS 


4.  2.  3  Double  Wall  Cylinders 


Given:  Double  Wall  Cylinder  with  Flat  Ends 


Width  -  100  ft.  ,  length  -  200  ft. ,  height 

h/d  =  1/2  Wylh=  1/2 

Sea  Level  Standard  Atmosphere 

Wind  Velocity  -  105  mph 

Cell  Radius  =  15  in. 


-  50  ft. 


1.  Determine  Dynamic  Pressure,  q. 


At  105  mph,  q  (standard  day)  =  28.  1  lb.  /ft. 


Fig.  9 


2.  Determine  Aerodynamic  Loads. 

A.  Lift  =  CT  qA 

L  p 

CT  =  0.432 

L 

q  =  28.  1  lb.  /ft. 

AP  *  w‘h 

=  (TOO  ft.  )  (200  ft.  ) 


Fig.  12 


=  20,  000  ft. 


Lift  =  (0.432)(28.  1  lb. /ft.  )(20,  000  ft.  ) 


=  243,  000  lb. 


B.  Drag  = 


CDqAp 
0.27  5 


Drag  =  (0.275)(28.  1  lb. /ft.  )(20,  000  ft.  ) 


=  155,  000  lb. 


Fig.  14 


3.  Determine  Anchor  Spacing. 
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A,  Base  anchor  load 


C  T  =  L.08  Fi8* 

BL 

q  Ap  =  562,  000  lb. 

wind  load  =  C  T  q 

B  L  P 

=  (1.  08)(562,  000  lb.  ) 

=  607,  000  lb. 

B.  Guy  Line  load 

C„T  =  0.44  Fig.  24 

GL 

q Ap  =  562,000  lb. 
wind  load  =■  C  qA„ 

=  (0.44){562,  000  lb.  ) 

=  249,  000  lb. 

C  Length  of  anchored  sides  =  40  J  ft. 

D.  Since  nominal  load  per  4  in.  arrowhead  anchor  is  1500  lb.  ,  then 
number  of  anchors 

=  607,  000  lb.  / 1 500  lb.  /anchor 

=  405  anchors 

E.  Anchor  spacing  =  anchored  length/no.  anchors 

400  ft. 

405  anchors 

=  0,989ft.  /anchor 

F.  Number  of  guy  line  anchors  =  249,  000  lb.  / 1 500  lb.  /  anchor 

=  166  guy  line  anchors 
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•' <  r  '  --  *  *•  ~  -  >--r  .K-s:~  *  ..  .  — 


4.  Determine  Inflation  Pressure,  P 


To  minimize  deflection,  choose  P  = 


Fig.  21 


or  P  =18  inches  w.  g. 
c  ® 

5.  Determine  Fabric  Stress. 

A.  Determine  wind  impact  pressure,  q,  in  lb.  /in.2  and  inches  w.  g. 


q  =  0.  195  lb.  /in.  =  6.  0  in.  w.  g. 


Fig.  9 


B.  Determine  stress  resultant,  N 


Fig.  36 


=  14.  0  lb.  /in. 


C.  Determine  stress  coefficient, 


Fig.  34 


=  2.19 

D.  Determine  stress  resultant,  N,  , 

h 

Nh  =  q  (Nh/q)  =  (6*0)  (2*19) 

N,  =  13.  1  lb.  /in. 
h 

N  is  determined  in  like  manner  and  equals  to  13.  1  lb.  /in. 

\v 

b.  Determine  Fabric  Weight  Required. 

A.  Determine  fabric  type  from  other  considerations  -  select  polyester. 

B.  Determine  weight  -  strength  relationship  of 


fiber  =  35 


lb.  -  yd,‘ 


in.  oz. 


Table  III 


C.  Determine  weight  of  base  fabric  using  a  safety  factor  of  3. 

1.  Weight  of  base  fabric  for  outer  skin 

_  .  35  1b.  -  yd.2  ,  .  351b.  -  yd.2 

=  3N  -T-  — : - 1 -  =  3(14.  0  lb.  /in.  )  — ; - : - 1 - 

in.  oz.  in.  oz. 


=  1.20  oz.  /yd.2 
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Fig.  33 


2.  Weight  of  base  fabric  for  web 

=  3  N  -4- 

w  in.  oz. 


=  3  13.  i  lb.  /in.  -r-  35t 


lb.  -  vd. 


in.  oz. 


=  1.18  oz.  / yd. 

D.  Determine  weight  of  coated  fabric  using  heaviest  fabric. 


Weight  of  coating  (single  ply  vinyl)  =  8.  5  oz.  /yd. 


Fig-  45 


Total  weight  =  base  fabric  +  coating 

=  1.  20  oz.  /yd.2  +  8.  5  oz.  / yd/ 
=  9 .  7 D  oz.  /yd/ 


7.  Maximum  Deflection. 


Fig.  20 


6_/ r  =  0.  102 

F 

6  =  (50  ft.  )(0.  102)  =  5.  1  ft. 

F 


Blower  Requirements. 

Volume  c  :  aciiy,  Q  = 


total  cell  volume 


erection  time 


-  *,(r-w) 
ic  n  tr  n _ 


+  ZL  (h-r)W 
n 


=  332,000  ft. 3 


:oo  ft.  )( 50  ft. )  -  12  ft.  f 


2(200)  (50-50)100 


Choose  inflation  time  of  30  min.  so  that 


,  cell  volume 

Blower  volume  capacity  =  — — - : -  or 

r  30  min. 
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_  332,000  ft.3 

30  min. 

=  11,  100  ft.5/min. 

9.  Package  Weight  and  Cube. 

Surface  area  of  cylindrical  section  is 

A  =T  rl  +  It  (h-r) 
s  h 

=  (3.  1 4) ( 50  ft.  )  (200  ft.  )  +  2  (200  ft.  )  (50  ft.  -  50  ft. )  1/9 
=  3488  yd." 

Surface  area  of  end  curtains  is 

A  =  w  r2  +  2  r  (h-r) 
s 

=  f(3.  14)(50  ft.  )2  +  2  (50  ft.  )(50  ft.  -  50  ft- >]  1/9  =  872  yd. 
Assume  unit  weight  of  material  =  9.  70  oz.  /yd.2 
Calculated  wt.  of  cylindrical  section 

=  (3488  yd.2  )(9.  70  oz.  /yd.2  )(lb.  / 1 6  oz.  ) 

-  2110  lb. 

Adjusted  wt.  of  cylindrical  section 
=  2(1. 5)  (2110)  lb. 

=  6,  340  lb. 

Calculated  wt.  of  end  curtains 

=  (872  yd.  )(9.  70  oz.  /yd.  )(lb.  / 1 6  oz.  ) 

=  528  lb. 

Adjusted  wt.  of  end  curtains  =  (1.  33)(528  Id.  )  =  702  lb. 
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Total  adjusted  wt 


=  (cylindrical  section  wt. )  +  (end  curtain  wt.  ) 
=  6,  340  lb.  +  702  lb. 

=  8,  042  lb. 

Estimated  cube 

=  (0.06?  ft.  /lb. )  (8,  042  lb.) 

=  522  ft. 


SAMPLE  DESIGN  PROBLEMS 


4.  3  UNKNOWN  TENT  SHAPE 
4.  3.  1  Single-Wall 

Given:  Required  enclosed  planform  area  -  600  ft.  2  to  contain  a  cubical  pack¬ 
age  with  a  height  of  8  ft.  Anticipated  environmental  conditions: 

Pressure  altitude,  2000  ft. 

_  o 

Temperature,  -  50  F 

Wind  Velocity,  105  mph 

1.  Determine  optimum  W/»  and  h/d  ratios  to  minimize  aerodynamic 
loads. 

Select  W/f,  =1/2  for  minimum  C.  and  CL  values  Figs.ll,  13 

h  L  D 

Select  h/d  =  0.  5  for  minimum  C  and  C  values  Figs.ll.  13 

1j  U 

2.  Determine  tent  radius,  r,  to  enclose  required  area  with  8  ft.  height. 

From  figure,  x2  +  y2  =  r2 

and  y  =  8  ft.  from  above  requirements. 

Also,  since  tent  has  spherical  ends,  package  length  must 
equal  2r  so  that  Area  =  (2x)(2r)  =  2xr  =  600  ft.  2 
Combining  equations  and  solving  for  x  and  r 
x  =  1 1.  0  ft.  ,  r  =  1  3.  6  ft. 

But  deflection  from  Fig.  17  is  6  =  0.105  r 

so  that  r'  =  0.  105  r  =  13.  6  ft.  where  r'  is  final 
tent  radius,  and  final  tent  radius,  r'  =  15.  2  ft. 
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3.  Determine  impact  pressure, q, 

A.  At  wind  velocity  of  105  mph,  q  =  28. 1  lb.  /ft.  2  for  a  sea  level 

standard  day.  Fig.  9 

B.  To  correct  for  altitude  and  temperature  deviation,  obtain 

correction  factor,  k  ,  k  =1.18.  Fig.  10 

P  P 

C.  q  (corrected)  =(28. 1  lb.  /ft.  2  )(1. 18) 

=  33.  2  lb.  / ft.  2  =  6.  4  in.  w.  g. 

4.  Determine  aerodynamic  loads. 

A.  Lift  =  CT  q  A 

Lm  p 

Ap  =  t  r2  +  2  r  (l-2r) 

=  (3.  14)(15.  2  ft.)2  +  2(15.  2  ft.  )(60.  8  ft.  -  30.4  ft.  ) 

=  1650  ft.  2 

CL  =  0.475  Fig.  12 

q  =  33.  2  lb.  /ft.  2 

Lift  =  (0.  47  5)(33.  2  lb. /ft.  2)(1650  ft.  2) 

=  26,  000  lb. 

B.  Drag=CDqAp 

CD  =  0.  25  Fig.  14 

Drag  =  (0.  25)(33.  2  lb.  /ft.  2)(1650  ft.  2) 

=  13,  700  lb. 

5.  Determine  anchor  spacing. 

A.  Load  due  to  wind  force 

CAL  =  1.6  Fig.  22 

qA  =  53,100  1b. 

P 
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. -----  -  —  '  f  \ 

windload  =  C  qA  =  (1.6 )( 53,  100) 

AL  P 

=  85,000  lb. 

B.  Load  due  to  inflation  pressure  since 

P  =  q  for  stability,  P  =  33.  2  lb.  /ft.  2 
e  e 

Floor  area  of  tent  is  given  by 
A^  =  it  y2  +  2y  (l-2r) 

=  (3.14^[(2)(15.  2  ft.)2  -(15.2  ft.)2]  !/2J  2 
+  (2)[(2)(15.  2  ft.)2  -(15.2  ft.)2]  1/2  [60.8  ft. -2(1 5. 2  ft.)] 

=  1650  ft.  2 

Inflation  load  =  P  A. 

e  f 

=  (33.  2  lb.  /ft.  2)(1650  ft.  2) 

=  54,  800  lb. 

C.  Total  load  on  tent  =  inflation  load  +  wind  load 

=  54,800  1b.  +  85,  000  1b. 

=  139,  800  lb. 

D.  Perimeter  of  tent,  P,  =  21  -  4r  +  2tt  y 

=  2(60.  8  ft.  )  -  4  (15.  2  ft.  )  +  2  (3. 14) (15.  2  ft.  ) 

=  156  ft. 

E.  Since  nominal  load  per  4  in.  arrowhead  anchor  is  1  500  lb,  , 
then  number  of  anchors  =  139,  800  lb.  / 1 500  lb. 

=  94 
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F.  Anchor  spacing  =  perimeter/no.  anchors 

=  156  ft.  / 94  anchors 
=  1.  66  ft. 

6.  Determine  fabric  stress. 

A.  Spherical  ends 

1.  Determine  wind  impact  pressure,  q,  in.  lb.  /in.  2  and  in.  w.  g. 


q  =  0.  231  lb. /in.  =  7. 1  in.  w.  g. 
2.  Determine  peak  stress  coefficients, 


N 


0 


= 


N 

qr 


for  h/d  =  1/  2,  — —  =  1.  40,  — ^  =  1.  50 
qr  qr 


Fig.  9 


Fig.  25 


3.  Determine  stress  factors  if  necessary. 


N_(v  =  0.  5)  N  (v  =  0.  5) 

— -  =  1.025  -4 - 


Nfl(v  =  1.0) 


N  (v  =  1,  0) 
9 


=  1.05  Fig.  27 


4.  Determine  corrected  stress  coefficient  for  material  with 


Poisson's  ratio,  v  -  0.  5  if  necessary. 


N0  (v  =  0.  5)  N0 

N0(v  =  1.0}  ^7 


=  (1.  40)(1.  025)  =  1.  44 


N.  (v  =  0.  5) 

_ I _ 

N.  (v  =  1.  0) 

9 


=  (1.  50)(1.  05)  =  1.  58 

q  r 


5.  Determine  stress  resultants,  N  and  N  ,  from  wind  loading. 

„  ...  (1.  58) (3 3.  2  lb. /ft.2) (15. 2ft. )1 2  ,, . 

=  (1.  58) qr  =  J -  =  66.4  lb.  / in. 


.....  (1.  44)(33,  2  lb. /ft 2  )(15.  2  ft.  )12  . 

NQ  =  (1.  44) qr  =  -  144 - U =  6°*6  lb-  fx 


in. 
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6.  Determine  total  stress  resultant 


__  P  r 

Ne =  Ne  (from  5)  +  ~- 


=  60.  6  lb.  /in. 


«  (33.  2  lb./ft.  2)(15,2  ft, )(12) 
+  2  (144) 


=  81.  6  lb.  /in. 


™  P  r 

N,  =  N,  (from  5)  +  — — 

9  9  * 

66.  4  lb.  /in.  4  iShll h&jpSdMU 

Z  (1**4) 


=  87. 4  lb. /in. 


B.  Cylindrical  section 

1.  Determine  wind  impact  pressure,  q,  in  lb.  /in.  2  and 


inches  w.  g. ,  q  =0.  231  lb.  /in.2  =  7. 1  in.  w.  g. 


2.  Determine  peak  stress  coefficients. 


N 

q  r 


fcr 


Ne  N 

h/d  =  1/2,  -  =  1.  40,  —  =  0.  8  3. 

q  r  q  r 

3.  Determine  stress  factors  if  necessary. 


Fig.  9 


Fig.  31 
Fig.  29 


N0(v  =  0.  5) 
N0(v  =  1.  0  )' 


N  (v  =  0.  5) 

=  1.  025  -f- - —  =  1.05 

N  (v  =1.0) 

9 


Fig.  27 


4.  Determine  corrected  stress  coefficients  for  material  with 


Poisson's  ratio,  v 

=  0.  5  if  necessary. 

N0(v  =  0.  5) 

Ne 

-  =  (1.025)(1.40)  =  1.44 

q  r 

N0(v  =  1.0) 

N,(v  =  0.  5) 

9 

N  (v  =  1.0) 

9 

N, 

— ^  =  (1.  0 5) (0.  83)  =  0.  87 

q  r 
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5.  Determine  stress  resultants,  N  and  N  ,  from  wind  loading. 

0 

N  =  (0.  87)qr  =  .(0-  87>(33.  Z  'b  lit.  ‘)(l  5.  ,M«.)  U 
<j>  144 

=  30.  5  lb.  /in. 

N0  =  (i.44,qr  =  (1.44)(33.  2  lb.  /ft.  2 )(15.  2  ft. )  12 

=  60.  6  lb.  /  in. 

6.  Determine  total  stress  resultants 

__  p  r 

N0  =  N0  (from  5)  +  -|— 

=  60. 6  lb.  / in.  +  21. 0  lb.  /in. 

=  81.  6  lb.  /in. 

—  p  r 

N  =  N  (from  5)  +  — ~~ 

<P  2 

=  30.  5  lb.  /in.  +  21.  0  lb.  /in. 

=  61.  5  lb.  /in. 

7.  Determine  fabric  weight  required. 

A.  Spherical  ends 

1.  Determine  fabric  type  from  other  considerations  -  select 
polyester. 


2.  Determine  weight  -  strength  relationship  of  fiber 

3 5  lb.  -  yd.  2 
in.  oz. 

3.  Using  a  safety  factor  of  3,  weight  of  base  fabric 

=  3  "n  -t-  35-:lb---  -..rd'2 

'?  in.  oz. 

o/n-,  „  ,,  /.  •  35  lb.  -  yd.2 

=  3(87.  4  lb. /in.  -v  — : - L — 

in.  oz. 


T  able  1 


=  7.  50 oz.  / yd.  2 
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4.  Determine  weight  of  coaled  fabric. 

weight  of  coating  (two-ply  vinyl)  -  32.  0  oz.  /yd.2  Fig.  45 
total  weight  =  base  fabric  1  coating 

=  7.  5  oz.  / yd.  2  +  32.  0  oz.  /yd.  2 

=  39.  5  oz.  /yd. 


B.  Cylindrical  section 

1.  Determine  fabric  type  from  other  considerations  -  select 
polyester. 

2.  Determine  weight  -  strength  relationship  of  fiber 

2 


=  35 


lb.  -  yd, 
in.  oz. 


Table  1 


3.  Using  a  safety  factor  of  3,  weight  of  base  fabric 

_  35  lb.  -  yd.2 

=  3  Nq  in,  oz. 

=  3(81.6  lb. /in.)  33-:Ib’  ~  yd'~ 


in.  oz. 


=  6.98  oz/yd.2 

4.  Determine  weight  of  coated  fabric. 

weight  of  coating  (two-ply  vinyl)  =  32.  0  oz. /yd.  2 )  Fig.  45 


total  weight  =  base  fabric  +  coating 

=  6.  98  oz.  / yd.  2  +  32.  0  oz.  /yd.  2 
=  38.98  oz.  / yd.  ‘ 

8,  Blower  requirements. 


Air  loss  through  slide  fastener 
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Length  of  slide  fastener  =  2  r9  x*^-  2r 

=  (60.8  ft.)  -  2  (15.  2  ft.)(3. 14)  +  60.8  ft.  -  2(15.  2  ft.  ) 

=  79  ft. 

Loss  per  inch,  #10  slide  fastener  =  2.  6  ft.5 /min.  Fig.  44 

Air  loss  =  (79  ft.  )(2.  6  ft.  5  /min.  )(1  2  in.  / ft.  ) 

=  2470  ft.  5  / min. 

Air  loss  through  ground  seal  26  ft.  5 /min.  /ft. 

Perimeter  =  2^-4r+2iry 

=  2  (60.  8  ft.  )  -  4  (15.  2  ft.  )  +  2  (3. 14)(15.  2  ft.  ) 

=  156  ft. 

Air  loss  =  (26  ft.  5 /min.  /ft.  )(156  ft.  )  =  40  50  ft.  5 /min. 

Air  loss  th  rough  door  is  approximately  500  ft.  5  / min. 

Blower  requirements  =  sum  of  air  losses 

Q  =  2470  ft.  3 /min.  +  4050  ft.  3 /min.  +  500  ft.  3 /min. 

=  7020  ft.  3/min„  at  6.  4  in.  w.  g. 

9.  Package  weight  and  cube. 

Determine  total  surface  area. 

As  =  £(2tt  r  -  r  29)  (^-  2  r)  +  4tr  r2  -  2tt  r(r-x)J  1/9  yd.  2 
Ag  =  [[(2)(3. 14) (15.  2  ft.  )  -  (15.  2  ft.  )(2)  (3. 14)]  (60.  8  ft.-  30.  4  ft.  i 

+  4  (3.  14 )(1 5.  2  ft.  )2  -  2(3.  14)(15.  2  ft.  )(15.  2  ft.  -  15.  2  ft.  )]l/9  yd.2 

=  483  yd.  2 

Assuming  a  base  fabric  weight  of  8.1  oz.  /yd.  2 
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s 


Weight  of  coating  (two  ply  vinyl)  =  3 2  oz.  /  yd.  2 
Total  fabric  weight  =  32  oz.  / yd.  2  +  8. 1  oz.  /yd.  1 

-  40. 1  oz.  / yd.  2 

Total  calculated  wt 

=  (483  yd.  2  )(40. 1  oz.  /yd.  2  )(lb/16  oz.  ) 

=  1210  lb. 

Total  adjusted  wt 

=  (1. 5 ) (1 210  lb.  ) 

=  1815  lb. 

Estimated  cube 

=  (0.1  ft.  3  /lb.)  (1815  lb.  ) 

=  182  ft.  3 
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SAMPLE  DESIGN  PROBLEMS 


4.  3.  1  Double-Wall 


Given:  Required  enclosed  area  -  900  ft.  2  with  minimum  height  o  1  I  1  ft. 

Wind  velocity  -  105  mph,  standard  sea  level  conditions 

1.  Determine  Optimum  W/land  h/d  Ratios  to  minimize  anchor  loads. 


Select  W/£  =  1/4  for  minimum  C 


BL 


Select  h/d  =  0.  5  for  minimum  C 


BL 


Fig.  ^ 
Fig.  ii 


Determine  Tent  Radius,  r,  to  enclose  required  area  with  1  l  ft. 
height. 


From  figure  x2  J  y‘  =  r 
and  y  =  H  ft.  from  abo  r 


requirement-. 


Also,  since  »  =  4  W  =  8  r, 
h 

Area  =  8  r  x 

Combining  equations  and  solving  for 

x  and  r,  x  =  1 1.  0  ft.  ,  r  =  1  5.  5  ft. 

But  deflection  from  F’g.  is  5/r  =  0.  105  r 

so  that  r'  -  0.  105  r'  =  15.  5  ft,  ,  where 
r'  =  final  tent  radius  =  17.  3  ft.  " 

3.  Determine  Dynamic  Pressure,  q  . 

At  105  mph,  q,  {standard  day)  -  28.1  lb.  /ft.  2  Fig.  9 

4.  Determine  Aerodynamic  Loads. 

A,  Lift  =  C  qA 
L  p 
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=  0.76 


Fig.  U 


Lilt 


B.  Drag 


C 


D 


Drag 


*  28.  1  lb.  / ft.  2 
=  W'h 

=  (34.  6  ft.  ){139  ft.  ) 

=  4800  ft.  2 

=  (0.  76)(28. 1  IK  /ft.  2  )(4800  ft.  2 ) 
=  103,  000  lb. 

-  C_qA 

o 

=  0.  35 

=  (0.  35){28. 1  lb.  /ft.  2  )(4800  ft.  2  ) 
=  47,  300  lb. 


5.  Determine  Anchor  Spacing. 
A.  Base  anchor  load. 


BL 


9A 


=  0.  35 


=  13  5,000  1b 


=  C  qA 
Bl.  p 

=  (0.  35)(135,000  lb.  ) 


47,  300  lb. 


B.  Guy  line  load. 


C  =  0.  48  5 

GL 

qA  =  135,  000  lb. 

P 


=  C.  qA  (0.  485)(i35,  000  lb.  )  =  65,  500  lb. 
GL  p 


Fig.  14 


Fig.  23 


Fig.  24 
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C.  Length  of  anchored  sides  =  278  ft. 

D.  Since  normal  load  per  4  in.  arrowhead  anchor  is  1500  lb., 
then  number  of  anchors 

-  47,  000  lb.  / 1 500  li).  /anchcr 

-  31  anchors 

E.  Anchor  spacing  =  anchored  length/no.  anchors 

=  278  ft.  /  31  anchors 
=  9  ft.  /anchor 

F.  Number  of  guy  line  anchors 

=  65,  600  lb.  /1500  lb.  /anchor 
=  44  anchors 

G.  Guy  line  spacing  =  anchored  length /no.  anchors 

=  278  ft.  /44  anchors 
=  6.  3  ft.  /anchor 

6.  Determine  Inflation  Pressure,  P  . 

c 

To  minimize  deflection,  choose  P  =  3q  Fig.  IQ 

c 

or  P  =18  inches  w.  g. 
c 

7.  Determine  Fabric  Stress. 

A.  Determine  wind  impact  pressure,  q, 

in  lb.  /  in.  2  and  inches  w.  g.  =  0.195  lb.  /in/  =  5.  35  in.  w-g.  Fig.  Q 

B.  Determine  stress  resultant,  N,  Fig.  36 

9 

=  13.  3  lb.  /  in. 
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C.  Determine  stress  coefficient, 


Fig.  VI 


=  7.60 


D.  Determine  stress  resultant,  N 


Nh  =  q  (Nh/q)  =  (6.0)  (7.60) 


N,  =  45.  6  lb.  /in. 
h 

8.  Determine  Fabric  Weight  Required. 

A.  Determine  fabric  type  from  other  considerations 
select  polyester. 

B.  Determine  weight  -  strength  relationship  cf  fiber 


35  lb.  -  yd.  ‘ 
in.  oz. 


Table  1 

C.  Determine  weight  of  base  fabric  using  a  safety  factor  of  3. 


1.  Weight  of  base  fabric  for  outer  skin 


=  3N  H- 

h  ir.  oz. 


=  3(45. 6  lb.  /in. ) 


3  5  lb.  -  yd.- 
in.  oz. 


=  3.9  oz.  /yd.  2 

2.  Weight  of  base  fabric  for  web 

.  3  In  ]  t  15 

L  wj  in.  oz. 

3  5  1b,  -  yd.  2 
in.  oz. 

=  3.  9  oz.  /yd.  2 


[ 


3  4  5.  6  lb.  /  in 


■]* 


10. 


D.  Determine  weight  of  coated  fabric  using  heaviest  fabric. 

Weight  of  coating  (single  ply  vinyl)  =  11.5  oz.  /yd.  Fig.  4  5 
Total  weight  ~  3.  9  oz.  /yd,  2  +  11.  5  oz.  /yd. 

=  15.  4  oz.  /yd.  2 


9.  Blower  Requirements. 

Volume  capacity,  Q, 


total  cell  volume 
erection  time 


V  =  tt  r2  $  -  #  (r-w)2  +  (h-r)  W 

c - - - - 


(3.  14 ) (17.  3  ft.  )2  (139  ft.)-  (3.  14 )(139  ft.)(17.  3  ft.  -4.  2  ft.  V 

2 


=  27,  700  ft.3 

Choose  inflation  time  of  30  minutes  so  that 


Blower  volume  capacity 
27,700  ft.  3 


cell  volume 
30  min. 


or 


Q  = 


30  min. 


=  9233  ft.  3  /min. 

Package  Weight  and  Cube. 

Surface  area  of  cylindrical  section  is 
s  =  IT  r  f  +  2  f  (h-r) 

=  £(3#  14 )(17,  3  ft.  ) (1 39  ft.  )  +  2  (13Q  ft.  )(17.  3  ft.  -17.  3)J  1/ 9 

=  840  yd.  2 

Surface  area  of  end  curtains  is 
S  =  tt  r2  +  2  r  (h-r) 

=  [(3.  14)(17.  4)2  4  2  (17.  4)(17.  4  -  17.  4)]  1/9 


106  yd.  “ 
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}  1 


t 


Assume  unit  weight  of  material  =  15.4  02. /yd.  “ 

Calculated  wt.  of  cylindrical  section 

=  (840  yd.  2  ){1 5.  4  02.  / yd.  2  )(lb.  /16  oz.  )  --  809  lb. 
Adjusted  wt.  of  cylindrical  section 

=  2  (1.  5)(809  lb.  ) 

=  2430  lb. 

Calculated  wt.  of  end  curtains 

=  (106  yd.  2  )(15.  4  oz. /yd.  2  )(lb.  /16  02.  ) 

=  102  lb. 

Adjusted  wt.  of  end  curtains 
=  (1.  33)  (10  Z  lb.  ) 

=  136  lb. 

Total  adjusted  wt. 

=  (cylindrical  section  wt.  )  +  (end  curtain  wt.  ) 

~  24  30  1b.  +  136  lb. 

=  2570  lb. 

Estimated  cube 

=  (0.065 ft.3/ lb.) (2 570  lb.  ) 

=  167  ft.  3 


; r'  s- 
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Figure  1.  -  Photograph  of  a  Single  Wall, 
Air  Supported  Radome,  Nike  Hercules  System 


Figure  2.  -  Photograph  of  a  Single  Wall, 

Air  Supported  Tent,  Above-Ground,  Launcher,  Nike  Hercules  Syate® 


Figure  3.  -  Photograph  of  a  Double  Wall,  Air  Supported  Tent 
Maintenance,  Multi-Purpose,  Sectionalized  (Pershing  Missile) 


! 

S 
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Figure  4.  -  Photograph  of  a  Doubla  Wall, 
Supported  Tent,  Vehicle  Uaintenance,  Snail  (Arctic) 


Figure  f>.  -  Photograph  ox  a  Double  Wall, 

Air  Supported  Tent,  Aviation  Maintenance,  Medium,  Sectionalized 


Figure  6.  -  Photograph  of  a  Double  Wall, 

Supported  Tent,  Assembly  Area,  Nike  Hercules  Mobile  System 


Figure  8.  -  Coordinate  System  and  Membrane  Stresses  for 
a  Cylindrical  Shell  with  Hemispherical  Ends. 
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Variation  of  Lift  Coefficient  with  Shape 


MAXIMUM  DRAG  COEFFICIENT 
SINGLE  WALL  SPHERES  AND  CYLINDERS 
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Figure  1 3.-  Variation  of  Drag  Coefficient  With  Shape  (Spherical  And 
Cylindrical  Single  Wall  Tent*;  1:2,  1:4,  W/f^  ) 


Mwtm-iVi'*  ’• 


5!555!!5!5!S55!Ua5l,aiail,IIHailBMaa*HaB*aB>a"a>*****""aa*«BBHBBB*Bllia"< 
S22555S55SS!SSSfSifalBBBBBBBalBBBBBBBBBBBBBBBBBBBBaiBBBBBBBBBBBBBaBI 
222222222222222222222BBBBBBSBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBaB! 
2222222222222222222!!BBBBBBaBaBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
'S2222222222222l222222BSBBaBBBBBaBBBBBBBBBBBBBBBBBaaaBBBBBBBBBBBBBBBl  -- 
525!!5B5B55i2525S5B£aRBBBaBBBaaBBBaBlBaaBBaaBgaaaBBalaBBaaaaBaaaaaBaBaa 
22S22S2222222222E29a— I— ■—■aBaBaaaaaBBaaaBBaa 
SBBSIS!5B2BS2SSBBf!H^TTvTrfiTT^V»fTTSVSfSy?n3rSiRrT^H>aaaaBBBaBBaBaaBaBa 

bbbbbbbbbbbbbbbbbbi^^  ,  £UUL  .  .  ^JU^Hbbbbbbbbbbbbbbbbbb 

aaBBBBaBBBaBBBBBBBi5W2!5ESH5SS5S|S5SBS!i5SSiSlili553SSSSS!SBSS*BSHBB 


I  BBBBBBBflflB  BBBBBBBflBa  BBBBBBBBBBBBBBBBBMB  BBBBBBflBBBBBBBBBBBBB  BBBBBBBBBB 

■■aaBBB§aaBaiBaaaBaBBBBBBaaBaaiBaaaBaaa«aBB35S5355BaaBaaaBaBaaBBBaaaaa 

aaaaBBaiaaBaBaaaBaaBBaBaBBBaBiaaBBBBaaaBaBaaaBaBBaaaaBBaaBBBaaaaalSpBB 

HaaBBiBiaBaaaaaiBBiiBBBBaBaaaSSaaBBaBaaaaBaaBBaBaaaaaBaBBBBBBaSBaaaSaa 

BflBaBaBaBBBBBaaBBaBBBBaBaaaaBaaBBiBBMBBflaaalnaPBBflaaaaBBBBBBiBBaaaaBB 

22B222SBK2EBBSBBBaEBBBBS9BBBBBBSBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

[■■■“■CWlBfMBBMBMBBBBBBIiaiBaBBBaMBBBaBBBBBBBBBBBBBBBBBBaBBBBBBBBB 

iriH— ■ 


SRRKRSSSSflRKSSr 

BBBBaBBBBBaaflianiBBBli 

BBBBBaaaBBaBBBr.aBBaic. 


[■■■■■RsBggKHKigRKSgSSiSRSSSSSSIuHSSRSSSguSgSISSgKilflIH 

ISES2SBSWI2EEBBBBSESEBBBBB9iBBBBBSBfiBBBBBBBBBBBBBBBBBBiBBBBBS*aBBBBBBB 
22222BffMi22aaBBBBBB2BBBBBBBBBBBBBBBBaBBBBaBBBBaBBBaBBBr'aBBBa“aiaiBBaBaB 
S2SSBSB=Z£2SBBBfiBESBSBBBBBBBBBBBBaBBBaBBBBaaaBaaB91aaaaaaaB^^aaaaa99aa 
S2SSBB2BB!2B2B2B2S22aa2aaaaaBBH!BBaBBBBBBBBB(,BBaBBa9BariBaBBB^BBaaBBBaa 
EESEEEE2E2ESSSESBEESEEBB9BSBBIIB*BBBaBBIBBBBBBBBBBaBBaa*aBBa^aBBaaaaaaaB 
BBBBBBSBB29SBZSBSBBB9BB!9S9SB5aBaBiiaBBBaaBBaaBfiBaa9aa,aBaBaa,aBaaaaaa9aB 
■■■■aBBaBiBBBAaBBBBaaaBaBBBBBBBaBBaaBBflBBBaBaaBBBBiariaaBBa'jaaflaaHaaaaB 

2EE22EE2E!22222222222E22E2E222B2E2aBaBaaaaaaBaaaaaaaaBaa""BaaaaBaBiB3l 

iBBBBBBBBBBBBpBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBfraBBBBPBBBBnBBBnBBM 

^^■^^■H||ii||iUSBBSlB£BiB9llBaBllllBBaBliaBBaB9li9^aaa5^aBaaBaaa9aaa— 

MMiiiMiBBBBair  ^  iBBaaaaaiafaBiirrBaaaaaaaiBaaB 
|BaBaBiBI  IBBBBBBBfl3'iBBBB'Jr4BBBBBBBBaBBBBBl 
"  'seawaagg^BjaajriaBBaBBBaBBBBBBBj 

!S— laSSSI 


blKSSKSSSSSKiS—! 

IBaBBay&l*  aaBaBBaaaBBaaaaaaaaBaaaaaaBBBBi 


[iaBBaafBlaaaaSraaiaaaBBBgaBBaaaBaaigS 
KflBBBBaiBaaaaaBBaaBBBBaBBiBaaaaaaBaBaM 
fiBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBfl 
—E9KS5  ■■■■bbbbbbbbbbbbbbbbbbbbbbbbbbI 
BBaBBBBBBBBBBBBBBBBBBBBBBBBiyU* 
mmdJxi  BaaaaMBBBiiBaaBBaBBBBBaaBBBdl 

eiiiiiiasssaasiigiSBSKHaag— 

pBBBBBSSaBBBBBBBB  BBBBBBBBaS  BBBBBBaSH 
I— — — ■■BaaBBaBflBBaaaaaBBaBBBaraaaBi 

Ijcw^aj  ia  aai  sai  taagSunj 

v\;lanHmaesPBaaaaaHa:i.:: 
ibbbbbb  aaaai  tBaaiai 

■bbbbbb  BaaaBBaBBaBaaaaaaBBflai^^^^HH 
■bbbbbb  ■aaaBBaiBBBaflBBBBBBBB^aiaai^rS 

jfgggBBB  bbbbbbb— — j|— g— fiM 

■MaBB— 


tiuaaBBBBaaBB— ■— 
„rBBBBBBBBBBBBBBBBB| 

—■—in 


■S;ffiS8S»KBS 

Ess»S»s»sss8sssassass£s 
sskasssssssssssRsaasss 

Mb'  JBBBaBBBBBBBBaai  I 

m  iw  BBB8BBB  B  BB  BfllHH— I 

jaBsaassasasssa 
BSaaasi  :  sgisgd 

SaaaM 


IBBBBBBBI 


laaaaaal 


IB  BBBBBI 


aaai 
IBBBBBBBBBI 
■aBBBBMH 
■aaiaai 


■risks: 

aaaBBaaiaa 

aaSSaBaSaSi 

aaaBBaaaaBaaaa 
aaaBaaiiaaaggn 

pggag 

|ggagggag§g 

IgwjUH 

an 


ibbbubbbb  ary 
mmmmmmnrS 

■SFJ 


aai 


r0.  3 


S99I 


9111 


IS 

i: 

■T1 

i  j 

r| 

——■—■I 

Banaa 

iSaSal 


o. Ittu  i 

fTlW 

Tent  Height  h  tj- 


|UP3i 


IBB  I 


°.  81 


SI 


Tent  Diameter 


Figure  14.  -  Variation  of  Drag  Coefficient  with  Shape 

(Non  Porous  Double  Wall  Tents;  1:1,  1:2,  1:4  W/j  ) 
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Figure*  16.  -  Variation  of  Moment  Coefficient  with  Shape 

(Non  Porous  Double  Wall  Tents;  1:1,  1:2,  1:4  W^. 
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Figure  1 8L-  Variation  oi  Tent  Deflection  With  Shape  (Cylindrical 
Single  Wall  Tents,  1:2  W  /f^) 
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Peak  Stress  Coefficient 


Figure  25.  -  Variation  of  Peak  Stress  Coefficients 

With  Shape  (Spherical  Single  Wall  Tents). 
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Maximum  Stress  Coefficient, ( 


MAXIMUM  DESIGN  STRESS  COEFFICIENT 


Note:  W  .25  to  1. 00 


Tent  Width  .  W  . 

Tent  Length  f 
•  -  h 

Figure  29.-  Variation  of  Maximum  Design  Stress  Coefficient  With  Tent 
Width  to  Length  Ratio. 
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Maximum  Stress  Coefficient 


MAXIMUM  DESIGN  STRESS  COEFFICIENT 


Mute:  W/f  =  .  25  to  I.  00 


Tent  Width  ,  W 
Tent  Length  l-n 

Figure  3Q-  Variation  of  Maximum  Design  Stress  Coefficient  With  Tent  Width  To 
Length  Ratio. 
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DOUBLE  WALL  CYLINDERS 


i' — 


Cell  Radius,  r  -  Inches 
c 

Figure  33.  -  Variation  of  Web  Stress  Coefficient  with  Cell  Radius. 
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Figure  34.  -  Variation  of  Hoop  Stress  Coefficient  with  Cell  Radius. 
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Figure  35.  -  Variation  of  Meridional  Stress  Resultant  with  Impact 
Pressure,  q. 
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Meridional  Stress  Resultant,  N  -  Pounds  Per  Inch 


DOUBLE  WALL  CYLINDERS 
GUY  LINES  ATTACHED  0.  80  TENT  HEIGHT 


Note:  w/d  -  0.08,  9°  Sloping  Sides;  h/d  -  0.80 


10.  0 


Impact  Pressure  q  -  Inches  of  Water  Gage 
Figurc40.  -  Variation  of  Meridional  Stress  Resultant  with  Impact 
Pressure,  q. 
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Meridional  Stress  Resultant,  N  -  Pounds  Per  Inch 
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Note:  w/d  =0.1?,,  h/d  =0.75 
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Figure  4£  -  Variation  of  Meridional  Stress  Resultant  with  Impact 
Pressure,  q. 
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Figure  45.  -  Weight  of  Coating  for  Single  and  Two  Ply  Coated 
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SUMMARY 


The  objective  of  this  program  is  to  provide  tentage  information  based 
on  wind  tunnel  test  data  that  can  be  applied  either  to  the  evaluation  and  im¬ 
provement  of  existing  ground-mounted, air- supported  structures  or  to  the  de¬ 
sign  of  such  future  structures.  The  data  presented  are  the  results  of  a 
program  conducted  by  the  Hayes  International  Corporation  of  Birmingham, 
Alabama  under  Contract  DA  19-129-AMC-129(N)  for  the  U.S.  Army  Natick 
Laboratories,  Natick,  Massachusetts. 

The  program  consisted  of  study,  test  and  analytical  investigation  phases 
which  began  in  July  1963  and  concluded  in  October  1966.  During  the  study 
phase,  a  review  was  made  of  pertinent  literature  on  experimental  techniques, 
data  and  analyses  applicable  to  determining  maximum  aerodynamic  force  on 
and  stresses  in  fabric  structures.  The  wind  tunnel  investigations  consisted 
of  detailed  testing  of  twenty- six  tent  models  to  include  sixteen  single  wall 
structures  (ten  with  non-porous  and  six  with  porous  fabric)  and  ten  double  wall 
structures.  Tests  were  conducted  at  stabilized  wind  speeds  up  to  105  miles 
per  hour  in  the  Virginia  Polytechnic  Institute's  6'  x  6'  stability  tunnel.  In  the 
analytical  phase,  test  data  were  used  to  develop  fabric  stress  and  aerodynamic 
coefficient  data  variation  with  tent  parameters. 

The  results  of  the  wind  tunnel  investigations  and  the  stress  analyses 
have  been  incorporated  into  this  design  manual  and  includes  comprehensive, 
practical  design  data  suitable  for  engineering  reliable,  stable,  single  and 
double -wall, air -supported  structures.  Data,  in  general,  are  presented  in 
non-dimensional  coefficient  form,  and  therefore,  are  applicable  to  full  scale 
structures  within  the  range  of  parameters  investigated.  Design  information 
is  presented  as  charts  and  tables  on  such  items  as  tent  aerodynamic  force 
and  moment  coefficients,  anchor  and  guy  line  coefficients,  surface  deflection, 
material  stresses  and  specifications,  usable  volume,  and  weight. 
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